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PREFACE 


This  book  has  been  compiled  in  a  sincere  endeavor  to  aid  those 
men  who  are  engaged  in  the  business  of  drilling  wells,  operating 
producing  properties  or  constructing  pipe  lines,  tank  farms  and 
pumping  stations.  It  has  been  the  endeavor  to  get  together  in  one 
volume  a  great,  deal  of  important  data  dealing  with  various  phases 
of  the  petroleum  industry,  and  thus  to  make  accessible  to  the  prac- 
tical man  a  large  fund  of  information  which  is  only  found  in  the 
transactions  of  the  various  technical  societies.  There  is  a  real  need 
for  a  book  of  this  kind.  Various  books  have  been  published  in  the 
past  which  devote  a  large  portion  of  their  contents  to  geology,  ac- 
counting, refining,  etc.,  but  in  so  far  as  the  author  is  aware  no  book 
has  as  yet  appeared  in  print  which  has  dealt  specifically  with  the 
problems  arising  from  the  drilling  of  wells  and  the  producing  and 
handling  of  oil. 

Much  credit  is  due  to  men  working  for  the  larger  companies  in 
the  southwest  and  in  California  for  numerous  helpful  suggestions. 
Most  of  these  men  have  requested  that  their  names  be  withheld. 
Particular  acknowledgment  must  be  made,  however,  to  those  men 
who  have  written  special  articles  for  this  book.  Mr.  J.  A.  Tennant, 
author  of  the  article  on  the  blowing  of  wells  with  compressed  air,  is 
the  recognized  authority  in  the  southwest  on  this  subject.  The 
valuable  discussion  of  the  performance  of  rock  bits  in  rotary  drilling 
was  written  by  Mr.  Harold  Fletcher,  who  is  probably  the  most 
thoroughly  informed  man  on  this  subject  in  the  United  States.  Mr. 
H.  R.  Lucke  who  presents  the  article  on  Diesel  engines  in  their  ap- 
plication to  pipe  line  pumping  stations,  is  an  engineer  whose  ability 
is  recognized  throughout  the  Southwest.  Acknowledgement  is  also 
made  to  the  numerous  authors  who  have  given  permission  for  the 
reprinting  in  this  book  of  their  valuable  articles.  The  various  oil- 
well  supply,  tool  and  electrical  supply  companies  have  been  ex- 
tremely kind  in  furnishing  tables,  cuts,  and  interesting  performance 
data. 

No  hesitancy  has  been  felt  in  reprinting,  verbatim,  from  various 
published  data,  a  great  deal  of  material  which  seemed  likely  to  be 
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of  assistance  to  men  confronted  with  the  particular  problem  in 
question.  Excerpts  from  the  publications  of  the  United  States  Bu- 
reau of  Mines  and  the  American  Institute  of  Mining  and  Metal- 
lurgical Engineers  have  been  reproduced -throughout  the  book  in 
this  cc  nnection.  Full  credit  is  given  to  all  authors  and  publishers 
and  special  permission  has  been  secured  for  the  use  of  all  such 
material. 

Strict  economy  and  rigid  efficiency  methods  are  matters  which,  in 
the  past  have  been  given  but  little  attention  in  the  petroleum  indus- 
try. It  is  quite  probable  that  as  time  goes  on  the  production  of  petro- 
leum per  well  in  the  United  States  will  gradually  decline  to  the  point 
when  operators  will  become  very  much  interested  in  doing  things 
in  a  more  efficient  manner.  If,  through  reference  to  this  work  the 
industry  is  enabled,  in  some  degree,  to  work  more  efficiently  and 
economically  the  author  will  feel  that  his  effort  has  been  adequately- 
rewarded. 

JOHN  R.  SUMAN. 

HOUSTON,  TEXAS 
July   1,   1921 
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CHAPTER  I. 

DRILLING  METHODS 


SELECTION  OF  METHOD  OF  DRILLING. 

Introduction. — The  fundamental  or  basic  operation  concerned 
-with  the  petroleum  industry  centers  in  the  technical  problem  of  the 
•drilling  of  wells.  These  wells  may  vary  in  depth  from  90  to  6000  or 
7000  feet,  and  the  relative  cost  and  care  exercised  with  their  drilling 
generally  increases  directly  in  proportion  to  the  depth.  One  can 
appreciate  the  vastness  of  this  part  of  the  petroleum  industry  when 
it  is  remembered  that  in  the  year  1920  no  fewer  than  35,000  wells 
were  drilled  in  the  United  States  alone.  It  is  estimated  that  these 
-wells  cost  in  the  neighborhood  of  575,000,000  dollars. 

Starting  with  the  primitive  method  used  in  1859,  in  Pennsyl- 
vania, the  technique  of  well  drilling  has  advanced  by  leaps  and 
bounds,  but  it  is  the  common  opinion  among  operators  that  there 
is  still  much  room  for  improvement.  In  the  development  of 
methods  of  drilling  in  the  United  States  two  systems  have  been 
evolved.  The  earliest  system  to  be  employed  was  the  standard 
cable  tool  system  which  was  developed  in  Pennsylvania  and  West 
Virginia,  and  later  brought  to  a  high  stage  of  perfection  in  Cali- 
fornia. The  other  system  known  as  the  rotary  system  was  de- 
veloped in  the  drilling  of  wells  into  the  soft  and  cavey  formations 
of  the  Texas  and  Louisiana  coastal  plain. 

In  many  fields  of  the  United  States  the  matter  of  selection  of 
method  of  drilling  is  very  seldom  considered,  as  there  is  commonly 
only  one  method  which  is  at  all  feasible.     For  instance,  in  the  gulf 


•  •      •  -  _  *     • 


2  .   .BEJBJOJ-EVM  PRODUCTION  METHODS 

coast  fields  of  I'exas  arid  Xoui'siana,  the  rotary  system  of  drilling 
is  used  exclusively,  and  in  its  present  state  of  development  no  one 
would  consider  the  use  of  cable  tools.  In  West  Virginia  and 
Pennsylvania  as  well  as  in  Ohio,  Indiana  and  Illinois,  the  cable  tool 
system  of  drilling  is  employed  to  the  exclusion  of  the  other  system. 
Also  in,  certain  parts  of  Texas  (Ranger  and  Breckenridge  fields), 
the  cable  tool  system  of  drilling  has  been  found  to  be  the  only 
practical  system  for  the  efficient  drilling  of  oil  and  gas  wells. 

In  other  fields  it  has  been  found  that  either  system  of  drilling 
can  be  used  and  usually  in  such  fields  both  systems  have  their  very 
strong  adherents.  It  has  been  found  that  in  certain  parts  of  Cali- 
fornia, in  Mexico,  and  to  a  certain  extent  in  parts  of  Oklahoma  that 
wells  can  be  drilled  by  either  system  or  by  a  combination  of  the 
two.  In  such  cases  the  relative  merits  of  each  system  must  be 
given  careful  consideration.  Johnson  and  Huntley*  have  sum- 
marized the  various  points  in  favor  of  and  against  each  system  as 
follows : 

COMPARISON  OF  DRILLING  SYSTEMS. 

Cable  system.    Advantages. — 

1.  Less  first  cost  of  tools  and  rig. 

2.  Lower  labor  cost  per  day. 

3.  Less  water  necessary. 

4.  Can  drill  in  the  hardest  rock. 

5.  More  drillers  available  in  some  fields,  although  this  is  becoming  less 

true. 

6.  Gives  more  information  as  to  the  formations  passed  through,  and 

is  thus  better  for  prospecting. 

7.  Less  cost  per  foot  for  relatively  shallow  wells. 

Disadvantages. — 

1.  Longer  drilling  time. 

2.  Much  slower  when  under-reaming  is  necessary. 

3.  Danger  of  delays  and  fishing  troubles  in  -soft  strata. 

4.  When  many  -water  sands,  hard  to  carry  large  hole  to  deep  pay. 

5.  Greater  cost  per  foot  for  moderately  deep  wells. 

6.  More  casing  necessary  to  handle  caves  and  water  sands. 

7.  Liability  of  getting  crooked  hole  in  soft  formations. 

8.  Harder  to  control  heavy  pressures  and  more  likelihood  of  "blow- 

outs." 
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Rotary  sjrstem.    Advantages. — 

1.  Faster  drilling*  in  soft  strata. 

2.  Less  trouble  from  caving  and  water  sands. 

3.  Less  casing  used  in  soft  formations  with  water  and  gas  sands. 

4.  Straighter  hole  in  deep  drilling  soft  formations. 

5.  Can  handle  alternate  hard  and  soft  formations,  with  less  danger  of 

of  accidents  than  with  cable  tools.     This  is  made  possible  by  the 
new  bits  and  heavier  rotary  machines. 

6.  Can  carry  a  large  hole  deeper. 

7.  When  "drilling  in,"  easier  to  control  high  gas  pressure  and  prevent 

blowouts. 

Disadvantages. — 

1.  Very  slow  in  hard  strata. 

2.  Greater  daily  labor  cost. 

3.  Limited  trained  labor  supply  in  some  fields. 

4.  Greater  cost  per  foot  for  shallow  wells. 

5.  Does  not  show  up  smaller  oil  and  gas  pays,  and  important  reservoirs 

may  be  passed  through  in  prospecting. 

6.  More  water  necessary,  a  drawback  in  arid  regions. 

In  certain  fields  where  soft,  unconsolidated  sands  are  encoun- 
tered, such  as  in  California,  the  question  of  the  better  method  of 
drilling  to  select  is  a  very  common  subject  for  argument.  Mr.  Wm. 
Kobbe  has  summarized  the  relative  merits  of  each  system  very 
nicely  as  follows  :* 

The  selection  of  a  drilling  method  is  based  on  the  following  considera- 
tions: (1)  Character  of  the  formations  overlying  the  reservoir;  (2)  thick- 
ness of  the  oil-bearing  stratum  or  strata;  (3)  thickness  and  character  of 
water  or  gai^  sands;  (4)  gas  pressure  to  be  encountered  or  expected;  (5) 
total  depth  of  well. 

Character  of  the  formations  overlying  tbe  reservoir. — The  strata  over- 
lying the  reservoir  may  consist  of  beds  of  shales,  clays,  sands  and  other 
soft  materials  or  they  may  be  slates,  limestones  and  sandstones  consoli- 
dated to  all  degrees  of  hardness.  Very  often  the  overlying  strata  are 
predominantly  of  soft  materials  but  interbedded  with  harder  formations. 
Likewise,  soft  strata  are  encountered  at  different  horizons  in  an  overburden, 
consisting  almost  entirely  of  the  harder  sedimentaries.  The  physical 
.character  of  this  overburden  is  frequently  complicated  by  the  occurrence 
of  quicksands,  gypsum,  rock  salt  or  iron  pyrites. 

If  it  is  known  that  the  overburden  consists  of  predominantly  soft  and 
cavey  material,  such  as  sands,  clays,  soft  shales,  quicksands,  beds  of  gypsum„ 
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etc.,  a  rotary  drilling  rig  of  a  size  and  type  commensurate  with  the  depth 
would  be  the  most  efficient  method  of  evercoming  such  conditions. 

On  the  other  hand,  if  it  is  known  that  the  overburden  consists  of 
predominantly  hard  strata  such  as  limestones,  sandstones,  hard  shales  and 
slates,  cable-tool  equipment  would  be  employed  and  a  standard  rig,  with  or 
without  calf  wheels,  erected. 

In  many  parts  of  the  world  it  is  impossible  to  classify  the  overburden 
either  as  predominantly  soft  or  as  predominantly  hard.  It  is  made  up  of 
many  strata  of  each  class.  Such  conditions  are  typical  of  the  deep  and 
difficult  drilling  in  certain  parts  of  California,  for  example  at  FuUerton  and 
in  portions  of  the  Midway  district.  The  only  efficient  method  of  drilling 
wells  through  3000  or  4000  feet  of  these  mixed  strata  is  the  combination 
system  employing  both  cable  and  rotary  on  the  same  rig.  A  heavy  com- 
bination equipment,  with  a  24  by  112-foot  derrick,  iron  crown  block,  latest 
type  of  draw  works  and  large  rotary,  frequently  costs  as  much  as  a  com- 
pleted well  located  in  the  comparatively  shallow  portions  of  the  Mid-Con- 
tinent or  Eastern  fields. 

Thickness  of  the  oil-bearing  stratum  or  strata. — The  thickness  of  the 
unconsolidated  pay  sand  that  must  be  penetrated  is  an  important  factor  in 
the  selection  of  the  drilling  system.  One  hundred  feet  of  loose  oil  sand 
carrying  even  a  moderate  gas  pressure  often  necessitates  the  use  of  rotary 
equipment  notwithstanding  the  fact  that  a  decision  based  solely  upon  the 
physical  character  of  the  overburden  would  select  cable  tools  for  the  work. 
For  example,  in  the  extreme  northern  portion  of  the  Midway  field  in  the 
San  Joaquin  Valley,  California,  there  is  700  feet  of  predominantly  hard 
cable  tool  overburden  which  must  be  penetrated  in  order  to  reach  an  un- 
consolidated oil  sand  280  to  300  feet  thick.  Experience  has  shown  that 
the  rotary  drilling  method  completes  a  well  in  that  district  in  half  the  time 
and  at  less  cost  than  cable  tools.  This  for  the  reason  that  the  fdrmcr 
system  averages  more  hole  per  day  from  top  to  bottom  than  the  latter 
although  more  time  is  required  by  the  rotary  to  reach  the  sand.  The 
cable  tools  have  no  difficulty  in  "making  hole"  through  the  700  feet  of 
predominantly  hard  overburden  but  encounter  the  greatest  difficulty  in 
making  headway  in  the  oil  sand.  In  fact,  the  heaving  nature  of  these  sands 
causes  innumerable  fishing  jobs  and  frozen  strings  of  casing  when  an 
attempt  is  made  to  overcome  them  with  cable  equipment.  After  fighting 
them  for  weeks,  if  the  standard  driller  has  200  feet  of  pay  to  his  credit  he 
is  doing  well,  whereas  the  same  driller  on  a  rotary  rig  can  wash  through 
the  300  feet  of  sand  in  one  tour  of  12  hours. 

These  conditions  indicate  the  important  bearing  the  thickness  of  the 
unconsolidated  pay  sand  has  upon  the  problem  of  selecting  a  drilling 
system. 

A  few  miles  south  of  the  area  just  described  the  oil  sand  is  only  10 
feet  thick  and  underlying  similar  formations  of  hard  strata.  Here  the  cable 
tools  are  far  superior  to  the  rotary  because  they  can  readily  overcome  the 
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thin  bed  of  pay  sand  and  are  better  adapted  to  drilling  through  the  over- 
burden. 

Thickness  and  character  of  water  or  gas  sands. — Cable  tools  are  superior 
to  the  rotary  for  prospecting  new  territory  and  for  determining  the  exact 
depth  of  water-  or  gas-bearing  horizons.  It  sometimes  happens  that  an 
area  or  pool  has  been  inefficiently  developed  and  exploited;  that  available 
well  records  are  unreliable,  or  that  the  lenticular  nature  of  the  sands  causes 
great  uncertainty  regarding  the  exact  depth  of  water  strata.  Under  such 
conditions  it  is  advisable  to  employ  cable  tools  until  all  necessary  data  have 
been  obtained,  when  the  drilling  method  may  be  advantageously  changed 
to  the  rotary.  Conditions  such  as  these  at  one  time  existed  in  portions 
of  the  Burkburnett  field  in  northern  Texas  and  although  it  was  known  that 
the  territory  was  particularly  adapted  to  rotary  drilling  it  was  necessary  to 
"feel  out"  from  proven  areas  with  cable  tools  on  account  of  the  "spotted" 
nature  of  the  oil  and  water  sands. 

Gas  pressure  to  be  encountered  or  expected. — Gas  pressure  is  a  factor 
of  the  utmost  importance  in  the  selection  of  a  drilling  system.  Other 
things  being  equal,  the  greater  the  pressure  the  greater  its  importance;  not 
only  from  the  mechanical  standj)oint  but  to  serve  the  ends  of  conservation. 
This  pressure  may  occur  above  the  oil  reservoir,  within  the  reservoir,  or 
both.  When  it  is  known  to  occur  above  the  oil  sands  it  may  be  cased  off 
with  cable  tools  and  conserved  between  strings  of  casing  by  the  use  of 
a  packing  spider,  a  special  device  which  has  met  with  great  success  in  the 
deep  and  high-pressured  territory  of  southern  California. 

Where  high  gas  pressures  exist  in  formations  difficult  for  a  rotary  to 
overcome  it  frequently  becomes  necessary  to  utilize  special  methods  in 
conjunction  with  the  cable  system  to  properly  cope  with  the  situation. 
For  example,  the  mud-laden  fluid  method  and  circulator  systems  may  be 
called  to  the  aid  of  the  cable  tools  in  passing  through  strata  under  high  gas 
pressure. 

The  rotary  system,  however,  is  the  ideal  method  of  overcoming  gas 
sands  and  should  be  employed  wherever  it  is  possible  to  drill  by  this 
method.  In  portions  of  the  north  Midway  field  the  pressure  within  the 
unconsolidated  and  very  loose  oil  pay  is  sufficient  to  heave  the  sands  -200 
to  JOO  feet  up  in  the  casing  of  cable  tool  wells  unless  special  safeguards  are 
introduced,  whereas  the  rotary  with  its  column  of  mud  slip  penetrates 
these  sands  with  the  greatest  ease  and  dispatch. 

Total  depth  of  well. — As  has  already  been  pointed  out,  the  character 
and  thickness  of  the  oil  sand  often  modifies  the  selection  of  any  particular 
drilling  method  but  the  same  sand  at  1000  feet  requires  lighter  equipment 
and  possibly  a  different  system  than  if  it  occurred  at  4000  feet.  The  former 
may  be  easily  reached  with  cable  tools  and  a  20  by  84-foot  standard  rig 
while  the  latter  may  require  the  heaviest  rotary  or  combination  equipment. 
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THE  ROTARY  SYSTEM  OF  DRILLING 

General  notes  on  the  rotary  system. — The  rotary  system  of  drill- 
ing was  developed  in  the  oil  fields  of  Texas  and  Louisiana,  where, 
in  a  space  of  about  eighteen  years  over  20,000  wells  have  been  suc- 
cessfully drilled  with  it, 
which  would  have  been  im- 
possible with  any  other  sy^s- 
tem,  owing  to  the  peculiar 
nature  of  the  formations  en- 
countered. These  formations 
were  very  unconsolidated 
and  soft  and  caving.  The 
.  rotary  system  of  driUing  is, 
however,  equally  adaptable 
for  work  in  deep  territory 
where  thick  strata  of  ex- 
tremely hard  rock  must  be 
L  penetrated.  This  has  been 
fully  verified  in  the  Califor- 
nia fields,  some  of  which  are 
admitted  to  be  as  difficult  to 
drill  as  any  in  the  world. 

The  expense  involved  by 
having  to  use  several  strings 
of  casing  in  one  well  is  a 
matter  of  serious  concern  to 
operators.  This  problem  has 
been  solved  by  the  introduc- 
tion of  the  rotary,  and  today 
in  the  California  fields  wells 
are  commonly  sunk  to  a 
depth  of  3000  feet  with  one 
string  of  10-inch  casing. 

A  speed   of  100   feet   per 
day  of  S4  hours  is  not  un- 
usual in  favorable  territory. 
Fig.  1.— Diagrim  of  Shaft  Driven  Rot.ry.        and  much  better  r  e  c  o  r  d  s 
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have   been    made   with 

improved  m  a  c  h  inery. 

In  the  Humble,  Texas, 

field    as    much    as    750 

feet  of  hole   has  been 

made   in   one   day.      In 

the  Batson,  Texas,  field 

where     one     producing 

sand    is    found    at   350 

feet,    wells    have    been 

drilled,    casing    and 

strainer    set    an  d    the 

well    made    ready    for 

bailing  in  one  day.    In 

the    Saratoga,    Texas.  Fig.  i-.-sund.rd  Rour,  Draw  w=ri,.. 

field   it   is   not   consid- 
ered unusual  for  a  crew  to  make  450  feet  of  hole  in  one  day  using 

improved  rotary  machinery. 

Fishing  jobs   with   the  rotary  system   are  relatively  few  and 

ordinarily  of  a  very  simple  kind.     When  one  considers  the  thou- 
sands of  different  kinds  of  complicated  fishing  jobs  which  are  apt 

to  be  encountered  when  drilling  with  the  cable  tool  system,  and 

the  great  expense  caused  by  them,  it  is  easily  seen  that  the  rotary 
system  is  to  be  preferred  in  all 
territory  where  it  will  go  at  ail. 
Description  of  process. — The 
essential  difference  between 
the  rotary  and  cable  tool  sys- 
tems of  drilling  is  that  the  hole 
with  the  rotary  system  is  made 
by  the  constant  rotation  of  the 
bit  upon  the  formations,  drill- 
ing them  out  in  much  the  same 
manner  as  a  hole  is  drilled  in 
a  piece  of  wood  or  iron,  by  a 
bit,  instead  of  hammering  upon 
the  formation  and  thus  break- 

^*s^«r'"      ^"J'K^uffswlti'"        '"g  '^  '"to  small  particles  by 


J 


8  PETROLEUM  PRODUCTION  METHODS 

the  reciprocative  motion  of  the  string  of  tools,  as  used  in  the  cable 
tool  system.  The  rotary  bit  attached  to  the  bottom  of  the  drill 
pipe  is  rotated  by  means  of  a  rotary  gripping  device.  A  grief  stem 
or  "kelly  joint"  is  attached  to  the  upper  part  of  the  drill  pipe  and 
works  in  the  gripping  device.  This  gripping  device  is  so  con- 
structed that  it  permits  the  drill  stem  to  slide  down  as  the  drill 
penetrates  the  strata  below  and  enables  the  drill  to  be  lifted  off 
bottom  while  rotating,  if  necessary.  This  rotation 
of  the  bit 'upon  the  formation  drills  a  hole  in  the  rock 
without  jar  or  shock  to  the  strata,  thus  eliminating 
any  caving  tendency.  In  addition  to  this,  any  loose 
formation  is  held  back  and  prevented  from  caving  by 
the  pressure  'of  a  column  of  mud  of  varying  consis- 
tency, according  to  the  formation  being  passed 
through,  which  is  pumped  down  through  the  drill 
stem,  circulating  from  the  bottom  of  the  hole  back 
around  the  drill  stem  to  the  surface,  thereby  plaster- 
ing the  wall.  This  mud  emerges  in  streams  of  high 
velocity  from  two  holes  in  the  bit,  and  strikes 
against  the  formation  being  drilled.  Upon  its  return 
to  the  surface  it  carries  with  it  the  cuttings,  which, 
owing  to  the  reduced  velocity,  are  deposited  in  the 
mud  trough  during  the  course  of  the  mud  from  the 
flow  line,  back  to  the  pump  or  "mud  pit,"  before  the 
mud  is  again 'forced  to  the  bottom  of  the  well  and 
again  circulated. 

Drill  Mud. — The  mud  solution  is  made  by  mixing 
clay  with  water  to  the  desired  coneistency,  which  is 
stored  in  a  pit  and  conducted  into  the  "slush  pit" 
from  which  the  pump  draws  its  supply  as  wanted. 
By  having  a  good  supply  of  mud  on  hand,  and  alter- 
ing its  consistency,  and  the  speed  of  the  pump  which 
regulates  the  velocity  of  the  stream,  perfect  control 
over  high  pressure  strata,  which  may  be  encountered 
very  unexpectedly,  is  insured.  In  loose  caving  for- 
mations where  no  pressure  is  encountered,  it  is  only 
necessary  to  thicken  the  fluid  to  prevent  caving. 

Method  of  drilling. — To  pump  mud  through  the 
drill  stem  a  swivel    (See  Fig.  2)   is  used  which   is 
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screived  into  the  top  of  the  drill  stem  and  is  suspended  from  the 
casing  block  by  means  of  which  the  drill  stem  is  raised  or  lowered 
at  will,  and  by  means  of  which  the  pressure  on  the  bit  is  controlled. 
The  pump  deHvers  its  stream  of  mud  to  the  drill  stem  through  the 
swivel,  to  which  it  is  connected  by  a  flexible  hose.  The  swivel  and 
drill  stem  are  suspended  from  the  crown  block  by  means  of  hoist- 
ing lines  passing  through  the  traveling  block,  the  connection  being 
made  by  means  of  a  strapped  C-Unk  and  double  swivel  casing 
hook  (See  Fig.  5).  The  hoisting  line  passes  over  the  sheaves  in 
the  crown  block  at  the  top  of  the  derrick  and  down  to  the  hoisting 
drum,  the  multiplication  of  pulleys  being  made  necessary  because 
of  the  great  weight  of  the  long  drill  stem.  These  same  hoisting 
lines  and  blocks  are  used'.also  for  the  raising  or  lowering  of  casing. 

The  rotary  table  is  driven,  in  the  older  model  rotaries,  by  means 
of  a  chain  passing  over  the  sprocket  wheel  of  the  rotary  pinion 
shaft  and  the  tine  shaft  of  the  draw  works.  A  newer  model  rotary 
is  shaft  driven  as  shown  in  Fig.  1.  The  line  shaft  of  the  draw  works 
in  turn  is  driven  by  means  of  a  chain  passing  over  a  sprocket  on 
this  shaft  and  the  crank  shaft  of  the  steam  engine.  The  line  shaft 
is  equipped  with  two  other  sprockets,  which,  by  means  of  the 
chsin  connection,  drive  the  hoisting  drum,  and  the  ratios  of  the 
diameters  of  these  sprockets  are  such  that  two  speeds  may  be 
given  to  the  hoisting  drum.  This  gives  a 
slow  speed  for  heavy  hoisting  and  a  fast 
speed  for  quick  hoisting,  either  of  which 
may  be  used  by  the  simple  engagement  of 
corresponding  clutches  under  the  control  of 
the  driller.  There  is  also  a  clutch  on  the 
drum  shaft  which  permits  the  driller  to 
bring  all  the  mechanism  to  a  standstill  with 
the  exclusion  of  the  engine  sprocket.  Cat- 
heads are  mounted  on  either  end  of  the  line 
shaft  for  use  in  hoisting  with  a  rope  or  for 
operating  the  tongs  when  setting  up  or  un- 
screwing the  drill  stem  joints  or  for  making 
up  the  tool  joints.  Control  of  the  position 
of  the  drill  stem  or  of  the  lowering  of  cas- 
ing is  secured  by  means  of  asbestos- lagged  showili^^MMhod^^oi'o^™ 
brakes  engaging  with  the  iron  braking  sur-       ''""'n'l!  H!""^.  "'s^J^' 


m  . 
11- 

1 

i 

PETROLEUM  PRODUCTION  METHODS 


face  of  the  drum.  The  brake  lever 
is  conveniently  placed  so  that  the 
action  of  the  brakes  may  be  con- 
trolled by  the  driller  who  stands  at 
the  right  of  the  draw  works,  facing 
the  rotary  table.  The  engine  re- 
verse lever,  throttle  cord,  and  drum 
clutch  levers  are  all  conveniently  lo- 
cated, thus  enabling  the  driller  to 
maintain  perfect  control  over  the 
drilling  operations  at  all  times. 

Removing  drill  bits.  —  It  is  at 
once  apparent  that  the  only  neces- 
sity arising  for  the  removal  of  the 
drill  stem  arises  when  it  is  neces- 
sary to  resharpen  the  drilling  bit. 
This  is  accomplished  by  withdraw- 
ing the  stem  until  the  first  tool  joint 
is  above  the  rotary  table  when  the 
slips  are  placed  in  the  drive  bushina; 
to  keep  the  pipe  from  dropping. 
Tongs  are  then  placed  about  the 
two  sections  on  the  tool  joint  and 
the  "grief"  stem  is  unscrewed, 
pushed  to  one  side  and  lowered  into 
a  "rat  hole"  made  by  rotating  two 
joints  of  8-inch  pipe  under  the  der- 
rick floor.  The  swivel  is  left  at- 
tached to  the  upper  end  of  this  first 
joint  of  the  drill  stem,  or  the  "grief 
5tem"  as  it  is  commonly  called.  The 
block  and  hook  are  then  lowered 
and  inserted  into  the  links  of  the 
elevators  which  are  thrown  around 
the  projectipg  pipe  and 'the  stem  is 
elevated  into  the  derrick  until  the 
next  tool  joint  (which  may  be  placed 
at  every  three  or  four  lengths  in  the 
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drill  pipe)  emerges  above  the  top  of  the  rotary  table,  when  the 
same  operations  are  repeated — the  joint  is  broken  and  the  60  or 
80-foot  lengths  of  drill  pipe  (called  "thfibles"  and  "fourbles"  by  the 
drillers)  are  stood  up  in  the  derrick  to  one  side  of  the  rotary.  This 
process  is  repeated  until  the  bit  reaches  the  surface  when  it  is  un- 
screwed and  another  bit,  which  has  been  sharpened,  is  quickly  at- 
tached and  the  pipe  is  again  lowered  to  the  bottom  of  the  well  and 
drilling  resumed.  The  entire  process  oi  ^  '^'-nrr  out,  putting  on 
new  bit,  and  going  back  into  the  hole  mp'  ccomplished  in 

about  si;K  hours  in  holes  as  deep  as  3000  x^w  in  ordinary  forma- 
tions a  fish-tail  bit  will  drill  for  about  24  hours  without  needing 
resharpening. 

Some  objections  to  the  rotary  system. — It  is  sometimes  claimed 
that  owing  to  the  great  rapidity  with  which  hole  is  made  with  the 
rotary  that  small  oil  showings  are  passed  up  without  being  noticed. 
Such  a  thing  could  only  occur  under  the  control  of  a  careless  and 
inefficient  driller,  as  shown  later  under  the  discussion  of  sampling. 

Another  objection  is  the  possibility  of  flooding  the  oil  sand  with 
water.  The  very  fact  that  the  quantity  of  solution  is  limited  and 
circulated  in  a  continuous  stream,  and  diminution  in  this  quantity, 
which  would  be  caused  by  some  of  it  passing  into  an  oil  sand, 
would  be  detected  immediately  by  the  driller.  He  would  imme- 
diately thicken  up  his  mud  so  that  the  ^and  would  be  plastered  up 
instead  of  filled  with  water.  In  this  way  oil,  gas,  and  water  sands 
van  be  controlled  and  brought  in  as  desired. 

The  Method  and  Cost  of  Drilling  in  Northern  Louisiana^ 

Owing  to  the  soft  formation  encountered  in  the  wells  in  the 
North  Louisiana  field,  the  rotary  system  alone  has  been  found 
practicable,  according  to  an  article  in  The  Oil  Weekly. 

In  the  Claiborne  field. — Drilling  in  the  new  Claiborne  field  is  a 
simple  process,  especially  in  the  shallow  sand,  in  which  a  well  can 
easily  be  completed  inside  of  30  days.    Three  distinct  sands  have 
been  discovered  in  the  Clai- 
borne field,  one  at  1100  feet, 
one  at  1400'  feet,  and  one  at 
2100    feet.     The    2100    foot 


'Published  by  permission  of  The  Oil 
Weekly.  Fig.  6— Rotary  Drill  Collar. 
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underlies  the  1400-foot  sand,  no  exploration  having;  as  yet  been 
made  under  the  1100-foot  well';.  If  a  deep  sand  is  discovered  under 
the  1100-foot  stratum  at  all  comparable  with  the  productivity  of  that 
discovered  under  the  1400-foot  stratum,  it  is  believed  that  it  will  be 
found  to  Cicell  anything  yet  discovered  in  this  territory. 

It  is  estimated  that  a  shallow  well  in  the  Claiborne  field  can  be 
drilled  for  approximately  $8000,  and  a  deep  well  for  $12,000. 

The  pool  is  located  in  a  hilly  country  which  drains  quickly,  and 
is  situated  comparatively  close  to  a  base  of  supply.  The  shallow 
depth  at  which  the  oil  is  found  in  this  territory  is  a  decided  advan- 
tage, it  being  a  well  known  fact  that  most  of  the  difficulties  begin 
after  reaching  a  depth  of  2000  feet. 

In  Bull  Bayou  field. — In  the  Bull  Bayou  district,  where  the  pro- 
duction is  found  at  a  uniform  depth  of  about  2725  feet,  a  "turn-key 
job" — that  is,  a  completed  well  with  casing  and  liner  and  master 
gate  capable  of  withstanding  1600  pounds  pressure,  should  cost 
approximately  $18,000,  and  contracts  are  frequently  taken  at  this 
figure,  although  unforeseen  accidents  and  delays  may  bring  the 
cost  up  to  a  much  higher  figure. 

Drilling  system. — Following  the  erection  of  the  derrick  and  the 
preparation  of  the  pits  for  holding  the  mixture  of  mud  and  water, 
the  well  is  started  with  a  13-inch  bit  on  the  end  of  a  6-inch  drill 


Fig.   6-b— View  of  lOxSHxU  Uud  Pami 
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stem,  and  the  hole  is  drilled  to  a  depth  of  250  feet.  Here  10-inch 
casing  is  set  and  cemented  and  drilling  is  continued  down  through 
the  gas  sand  with  a  bit  9%  inches  in  diameter  to  about  1050  feet, 
when  the  size  of  the  hole  is  reduced  to  8J4  inches,  without  cement- 
ing the  casing  except  in  case  of  caving  holes'  or  bad  fishing  jobs. 

Drilling  is  then  continued  to  a  depth  of  2500  feet  with  an 
8J^-inch  bit  on  a  4J^-inch  drill  stem,  when  the  6-inch  casing  is  set 
and  cemented  and  the  well  is  ready  to  drill  in,  which  is  done  with 
a  5^-inch  bit  and  a  3-inch  drill  stem,  down  through  the  oil  sand. 

After  completing  the  hole  to  its  total  depth,  which  in  this  ter- 
ritory is  from  2725  to  2740  feet,  liner  is  set,  consisting  of  four  joints 
of  blank  4j4-inch  pipe  and  eight  joints  of  perforated  pipe,  through 
which  the  gas  and  oil  enters  from  the  oil  sand  and  comes  up 
through  the  hole,  which  is  now  lined  from  top  to  bottom  with  solid 
steel  pipe  or  casing. 

Ready  to  bail. — The  well  is  now  ready  to  bail,  and  the  bailer, 
consisting  of  a  length  of  3-inch  pipe  with  a  valve  in  the  bottom,  is 
let  down  into  the  hole  and  drawn  up  and  emptied  into  the  slush  pit, 
this  operation  being  repeated  until  all  the  mud  and  water  has  been 
cleaned  out  of  the  hole  and  the  oil  permitted  to  flow  through  the 
perforated  liner  and  up  to  the  top  of  the  well.  In  the  majority  of 
cases,  in  this  district,  the  gas  pressure  is  so  great  that  the  hole 
cleans  itself  out,  and  the  well  starts  to  flow  as  soon  as  the  oil  sand 
is  reached. 


Fir  6-c— Sectional  Vitw  o(  l2x€Hxl4  Und   Pump. 
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Following  is  a  complete  list  of  materials  and  tools  required  for 
drilling  a  well  in  the  Xorth  Louisiana  field : 

Material  required. — 

Drilling  Machinery.  — 

1—50  H.  P.  Boiler 

1 — Rotary 

1 — Draw  Works 

2— Pumps  \0xSH\\2 

1—^"  Thrce-Sheavc  Traveling 

Block 
1 — 8"  Five-Sheave  Crown  Block 
1 — Grief  Stem 
1 — 6x4x6  Bulldog  Pump 
1—^^x1000'  Drilling  Line 
1_^«  Strapped  "C"  Hook 
l-^"  Drilling  Hook 
2^3"  Swivels 

Fittings  for  Manifold. — 

2 — 4  to  3  Swedge  Nipples 
2—3"  Gate  Valves 
2 — 3  to  2  Swedge  Nipples 
2 — 2"  Dart  Flange  Unions 

Derrick  Tools. — 

1 — Pair  No.  16  Vulcan  Tongs 

2 — Pair  No.  15  Vulcan  Tongs 

2 — Pair  No.  14  Vulcan  Tongs 

2 — Pair  No.  13  Vulcan  Tongs 

2 — Ball  Pein  Hammers 

1 — Derrick  Hatchet 

1—25'  Derrick  Hose 

1_36"  Stilson  Wrench 

2—24"  Stilson  Wrenches 

1—18"  Stilson  Wrench 

l—H"  Stilson  Wrench 

6 — Wire  Rope  Clamps 

1 — 21"  Monkey  Wrench 

1—15"  Monkey  Wrench 

1_^"  Monkey  Wrench 

1—10"  Snatch  Block 

1—250'  Cat  Line 

1_50'  Jerk  Line 

1 — 7-Point  Hand  Saw 

1—6'  Cross-Cut  Saw  with  Handles 


1— H''x3500'  Bailing  Line 
60— Feet  1030  Chain 
40— Feet  1240  Chain 
2—6"  Foot  Valves 
2—6"  Ells 
2— 6"xl2"  Nipples 
1— 2"x32'   Rotary  Drilling  Ho>e 
1 — Set  2"  Hose  Clamps  and 

Nozzles 
1 — Mogul  Tong  with  6"  and  4' 

Jaws 
1 — Lighting  Machine  with  Wire 
and  Lanip<>  ^ 


6—2"  Malleable  Tees 
6—2"  C.  I.  Plugs 
1—2"  Q.  O.  Gate  Valve 


[ — Carpenter's  Adz  with  Handle 
I — 2'  Square 
[ — Spirit  Level 

-12"  Hack  Saw 
12 — Hack  Saw  Blades 

-Single  Bit  Axe  with  Handle 
I — 1/2"  Erwin  Solid  Center  Ship 

Auger 

— fi"  Erwin  Solid  Center  Ship 

Auger 
I — ^"  Erwin  Solid  Center  Ship 

Auger 
I — %"  Erwin  Solid  Center  Ship 

Auger 
I — 1*  Erwin  Solid  Center  Ship 

Auger 

—Handle 
[ — Long  Snout  Engineer's  Oiler 

(Brass) 
1 — ^Squirt  Can 
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Blacksmith  Tools. — 

1— 250-lb.  Anvil 

2 — 14-lb.  Sledges  with  Handles 

1 — Flatter 

1— Fuller 

Boiler  Fittings. — 

1 — 1^"  Penbcrthy  Injector 
1 — 1%"  Asbestos  Packed  Cock 
1 — 3  to  2  Swedged  Nipple 
1 — 2"  Cross  Tee 
1 — 3"  Cross  Tee 
2—134"  Check  Valves 


1 — Hot  Cutter 

1 — Cold  Cutter 

1 — No.  3  Star  Blower 

1 — Combination  Vise 


6— l^"x4  Nipples 

6— l^"x6  Nipples 

6—114"  Tees 

6—1^4"  C.  I.  Plugs 

^—UA"  Ells 

1 — Beaver  Stock  and  Die  up  to  2" 


Extra  Fittings  to  Connect  up  Lines  for  Rig. — 


12 — 2x4  Nipples 
12 — 2ji6  Nipples 
12—2"  Stop  Cocks 
12—2"  Globe  Valves 
12—2"  Ells 
12—2"  Tees 
12—2"  C.  I.  Plugs 

Bits,  Drill  Collars  and  Bushings. — 

3—14"  Bits   • 

4—9^"  Bits 

e-^y^t"  Bits 

4—5^"  Bits 

1—6"  to  4"xl8"  Drill  Collar 

I.>4''x4"x24"  Drill  Collar 

1— 3"x4"x24"  Drill  Collar 

1— 6"x4"  Steel  Bushing 

1— 10"x6"  Hyd.  Swedge  Nipple 


12— r  Globe  Valves 
12—1"  Ells 
12—1"  Tees 
12—1"  C.  I.  Plugs 
12 — 1x4  Nipples 
12 — 1x6  Nipples 


l_^"x4"  Hyd.  Swedge  Nipple 
1— 4"x3"  Hyd.  Swedge  Nipple 
1 — Set  10"  Fairs  Regular  Elevators 
1 — Only  6"  Fairs  Elevator 
1 — Only  4"  Fairs  Elevator 
1— Pair  10"  Slide  Tongs 
40—4"  Tool  Joints 
1000— Feet  2"  Line  Pipe 


Number  of  men  needed. — It  is  customary  to  use  day  and  night 
shifts  in  drilling  with  the  rotary  system,  each  shift  consisting  of  a 
driller,  derrick  man,  fireman  and  two  helpers,  and  in  addition  to 
these,  one  tool  dresser  who  looks  after  the  tools  of  both  shifts. 

The  day  driller  has  charge  of  the  entire  drilling  crew,  and  the 
prevailing  rate  of  pay  is  as  follows  (1920)  :  Driller,  $10  per  day; 
fireman,  $5.25 ;  derrick  man,  $5 ;  helpers,  $4.75 ;  tool  dresser,  $5.50 
for  one  well,  or  $8  for  two  wells. 

As  a  rule,  the  company  takes  care  of  the  men,  charging  them 
$1.25  per  day  for  bed  and  meals,  the  estimated  cost  of  which  is 
from  $2  to  $2.25. 
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Fuel  used. — Whenever  obtainable,  gas  or  fuel  oil  is  used  for  fuel, 
gas  costing  at  the  rate  of  $12.50  a  day,  and  fuel  oil  from  $15  to  $25 
at  the  present  prices.  An  extra  charge  of  20  cents  per  barrel  for  oil 
is  usually  added  to  the  price  paid  by  the  pipe  line  companies  at  the 
well,  the  owner  of  the  well  laying  the  line  for  the  gas  or  oil,  or 
paying  the  hauling  charges  it  it  is  carried  in  tank  cars.  From  60  to 
75  days  is  considered  a  fair  allowance  for  time  in  which  to  complete 
a  well  in  this  territory. 

Electrification  of  a  Rotary  Drilling  Rig". 

An  excellent  opportunity  was  afforded  the  Gulf  Production 
Company  at  Goose  Creek,  Texas,  to  drill  a  well,  using  electrical 
power,  due  to  that  field  having  been  recently  electrified.  The 
application  proved  highly  successful  and  the  description  below  may 
prove  interesting. 

Description  of  equipment. — The  equipment  comprised  the  usual 
equipment  for  a  rotary  rig,  only  that  the  motors  were  substituted 
for  the  steam  engine  as/ the  means  of  power.  The  motors  used  were 
four  Type  O.  M.  T.  15/30  h.  p.,  600/1200  r.  p.  m.,  440  volt,  3 
phase,  60  cycle,  General  Electric  motors.  Two  motors  were 
operated  in  parallel  on  one  standard  oil  well  motor  controller  and 
were  for  the  drilling  proper.  The  features  of  this  parallel  operation 
are  as  follows:  The  stator  windings  were  connected  in  parallel, 
the  rotor  windings  were  likewise  connected.  The  two  grid  sectors 
were  also  connected  in  parallel  and  single  copper  conductors  were 
run  from  grid  resistors  to  controller  and  collector  rings,  thereby 
eliminating  any  uneven  currents  to  the  rotor  by  reason  of  unlike 
resistances  of  any  given  resistance  action.  The  pump  motors  were 
run  independently  of  each  other,  that  is,  each  motor  was  controlled 
by  a  standard  oil-well  motor  controller.  One  of  these  motors  was 
connected  to  source  from  the  transformer  bank  at  well„  while  the 
other  motor  was  connected  to  an  independent  440  voltj  source.  This 
was  done  in  order  to  have  one  pump  available  at  all  times. 

Mounting  of  motors. — The  two  parallel  operated  motors  were 
mounted  on  an  extension  to  the  universal  mounting  of  a  standard 
35  H.  P.  Ajax  engine.  Both  motors  were  belted  to  the  same 
countershaft,  and  from  the  countershaft  to  the  lineshaft  on   the 
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draw  works  a  chain  drive  was  provided.  The  pump  motors  were 
geared  to  the  pumps.  This  was  done  by  providing  a  special  base 
and  mounting  them  on  top  of  pumps.  The  motors  were  operated 
in  low  speed  with  controller  in  the  high  position.  However,  if  the 
pump  lost  its  prime  the  motor  was  run  in  high  with  controller  part 
open,  and  it  was  found  the  pump  would  pick  up  its  prime  im- 
mediately. 

The  transformer  bank  consisted  of  three  37.5  K.  V.  A.  General 
Electric  transformers  banked  double-delta.  These  transformers 
were  at  first  fused  for  50  amperes,  but  it  was  later  found  necessary 
to  use  75  ampere  fuses. 

Old  hole  deepened. — The  well,  which  was  drilled  by  means  of 
electric  power,  was  an  old  hole,  nevertheless  a  severe  test  on  all 
this  equipment  was  experienced,  due  to  the  amount  of  pipe  milling 
that  was  necesssary  to  complete  the  well.  A  whipstock  was 
dropped  in  the  8-inch  casing.  The  milling  was  started  at  2100  feet 
and  was  finished  at  2109  feet,  and  from  this  depth  on  a  new  hole 
was  made.  The  depth  of  well  when  completed  was  2685  feet.  The 
drilling  was  through  gumbo,  sand  and  boulders.  The  variation  of 
speed  and  great  amount  of  power  necessary  to  do  the  rnilling  was 
easily  obtained  from  the  parallel  operated  motors. 

The  work  started  December  17,  1920,  and  was  finished  January 
7,  1921.  The  total  K.  W.  H.  consumed  were  14,270,  while  average 
K.  V.  A.  demand  on  drilling  rig  was  34.  The  maximum  demand 
for  3  minute  interval  was  150  K.  W.,  for  15  minute  interval,  100 
K.  W.  The  serge  amperes  was  150  amperes  at  440  volts,  due  to 
reversing  of  motors.  The  average  volts  were  440  and  average 
amperes  45,  while  power  factor  of  line  was  0.56. 

The  results  derived  from  the  application  of  electricity  to  drilling 
were  highly  satisfactory. 

Bits  for  Drilling  in  Rock — Rotary  System 

The  ordinary  fishtail  bit  commonly  used  in  rotary  drilling  works 
very  satisfactorily  in  soft  formations,  but  when  rock  is  encountered 
the  drilling  progress  is  slow.  To  overcome  this  difficulty  numerous 
bits  for  drilling  in  rock  have  been  designed.  The  bits  which  do  this 
work  successfully  can  be  classified  under  two  headings,  namely: 
cross  roller  bits  and  cone  bits.  The  cone  bit  drills  rock  by  the 
attrition  or  crushing  effect  of  two  revolving  cones  set  in  the  bottom 
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of  the  bit.  (See  Fig.  7.)  The  cutting  action  of  this  bit  is  described 
in  great  detail  by  Mr.  H.  W.  Fletcher  in  the  succeeding  pages. 
The  cross  roller  type  of  bit  (Fig.  8)  has 
its  cutting  rollers  arranged  as  on  a  cylindri- 
cal surface,  the  axis  of  this  cylinder  being 
horizontal.  As  the  rotary  drill  stem  re- 
volves the  cylinder  revolves  about  the  cen- 
ter of  this  axis  and  at  the  same  time  a 
rolling  action  is  set  up  which  puts  the 
cutting  teeth  to  work.  It  is  therefore  ap- 
parent that  the  cutting  action  of  this  type 
of  bit  is  very  complex,  being  partly  a 
crushing  action  and  partly  a  scraping  ac- 
tion due  to  the  drag  caused  by  the  un- 
equal speed  of  rotation  of  the  component 
parts  of  the  cylinder.  The  manufacturers 
of  this  type  of  bit  claim  that  this  complex 
cutting  action  is  to  be  desired  and  that  good 
results  can  be  obtained  by  using  it.  Both 
types  of  bits  are  used  extensively  in  all 
Fig  7— HughM  simpitx       fields  whcrc  the  rotary  system  of  drilling  i:^ 

Reaming    Cone    Bit  jf,  operation. 

Rotary  Rock  Bits — Cone  Type 

hy  HAROLD  W.  FLETCHER 

■  When  needed. — When  hard  rock  is  encountered  in  any  appre- 
ciable amounts,  wells  cannot  be  put  down  economically  by  the  ro- 
tary process  with  the  ordinary  fishtail  bit.  While  the  fishtail  bits 
themselves  are  comparatively  inexpensive,  they  are  decidedly  in- 
efficient rock  cutting  tools,  and  considering  the  cost  of  operating  a 
rig  ($100-$1.50  a  day)  and  the  increased  wear  and  tear  on  pipe  and 
consequent  danger  of  a  twist-ofT,  the  cost  per  foot  of  hole  is  in 
practically  all  cases  prohibitive. 

The  rotary  process  could  not  be  said  to  be  a  complete  success 
for  oil  well  use  until  the  development  of  the  Hughes  cone  bit  and 
later  the  reaming  cone  bit  made  it  possible  for  the  rotary  operator 
lo  penetrate  the  hardest  rock  strata  with  good  speed  and  at  a  com- 
paratively low  cost  per  foot.  In  many  rotary  fields  formations  are 
encountered  where  not  over  six  inches  a  day  can  be  made  with  a 
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fishtail  bit,  but  where  the  Hughes  cone  hit  will  make  five  to  six 
feet  an  hour. 

Directions  for  use  of  bits. — There  is  naturally  sotne  difference 
of  opinion  among  drillers  as  to  the  hest  way  tp  run  a  cone  bit  to 
secure   maximum   results,   but   there   are   certain   basic  principles 
which  govern  the  operation  of 
this  tool  on  which  most  opera- 
tors agree,  and  it  has  been  dem- 
onstrated that  careful  attention 
to  these  principles  will  be  well 
repaid   by   increased  speed   of 
drilling  and  greater  footage  per 
set  of  cutters. 

Weight  necessary. — In  the 
first  place,  for  the  bit  to  really 
cut,  sufficient  weight  of  pipe 
must  be  allowed  to  rest  on  the 
bit  to  cause  the  teeth  of  the  cut- 
ters to  actually  penetrate  the 
rock  surface.  This  weight  on 
a  hard  dolomite  should  be  ap- 
proximately 1500  pounds  per 
inch  diameter  of  hole;  that  is, 
a  5Ji-inch  bit-should  carry  the 
weight  of  9000  pounds  of  pipe, 
or  a  9^-inch  bit  15,000  pounds, 
etc.     (See  Fig.  11.) 

.      ,  Fig.  8— Cross  Rolltr  Type  Bit, 

Speed  of  pumps. — With  the 
weight  of  the  bit  properly  pro- 
portioned to  the  hardness  of  the  rock,  the  bit  will  cut  away  flakes  of 
rock  up  to  !4  to  ^  inch  wide,  54  to  an  inch  long,  and  1/16  of  an 
inch  thick.  Obviously  if  drilling  is  to  be  continued  satisfactorily, 
these  cuttings  must  be  carried  up  away  from  the  bottom  of  the  hole 
and  not  be  allowed  to  accumulate  under  the  cones  and  around  the 
bit  head.  These  rock  chips  are  heavy,  and  tend  to  sink  to  the  bot- 
tom of  the  hole,  and  a  good  How  of  mud  is  required  to  carry  them 
up  to  the  surface.    For  a  9Ji-inch  bit  drilling  at  the  rate  of  10  feet 
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per  hour,  at  least  120 
gallons  of  mud  should 
be  pumped  through  the 
pipe  per  minute,  and 
other  sizes  in  propor- 
tion. A  cone  bit  should 
always  run  free  in  any- 
rock  formation,  so  that 
the  pipe  can  be  readily 
turned  by  hand  with  a 
small  pair  of  chain 
tongs.  If  for  any  rea- 
son it  drags,  it  is  us- 
ually due  to  cuttings 
collecting  around  the 
bit  head  and  making  it 
bind,  or  to  a  cone  hav- 
ing stuck  due  to  being 
overloaded  or  improp- 
erly assembled.  It  will 
usually  be  found  desir- 
able to  lift  the  bit  off 
bottom  two  feet  every 
15  minutes  and  let  it 
down  slowly,  thereby 
flushing  back  the  cut- 
tings from  the  bottom 
of  the  hole  and  giving 
Fig.  9.— Diagram  showins  wotking  paru  of  iiughrs      the  cutters  a  clean  rock 

surface  to  work  on. 
Advantages  of  proper  weight. — If  the  cone  bit  is  run  on  rock 
with  too  light  a  weight,  there  will  be  several  effects  readily  recog- 
nized, particularly  if  the  rock  contains  grains  of  quartz  sand  or 
other  hard,  sharp  grit.  In  the  first  place,  the  points  of  the  cones 
will  be  worn  "cup  shaped,"  and  in  fact  may  even  in  extreme  cases 
be  worn  completely  through.  This  is  due  to  the  formation  of  a 
small  tit  in  the  center  of  the  hole  which  bears  against  the  points  of 
the  cones  and  grinds  away  the  metal.     With  greater  weight  the 
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shock  of  the  teeth  striking  the  base  of  this  tit  splits  it  away  and 
entirely  prevents  this  wear.  Again,  it  will  be  found  that  with  light 
weight  the  cone  teeth  will  wear  flat  on  the  cutting  edges  as  if  they 
had  been  ground  away  on  an  emery  wheel,  while  if  the  weight  is 
sufficient  to  cause  penetration  they  tend  to  remain  more  or  less 
sharp,  due  to  the  fact  that  there  are  a  large  number  of  ridges  in  the 
bottom  of  the  hole  which  get  between  the  teeth  like  meshing  gears 
and  grind  the  sides  of  the  teeth  because  of  the  varying  pitch, 
thereby  maintaining  sharp  edges.  Another  effect  of  light  weight 
is  to  wear  the  gauge  surfaces  of  the  cones,  causing  them  to  round 
over  and  lose  gauge.  If  the  bit  has  enough  weight  on  it  to  enable 
the  cone  teeth  to  split  the  rock  particles  away  instead  of  grinding, 
a  hole  will  be  made  slightly  larger  than  the  diameter  of  the  bit,  and 
there  will  be  consequently  no  "pinching"  of  the  cones  and  loss  of 
fjauge  will  be  greatly  reduced.  Proper  weight  is  the  principal  factor 
governing  the  satisfactory  operation  of  these  rock  drills.     Exami- 
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nation  of  the  returns  will  give  some  idea  of  whether  or  not  the 
weight  used  is  sufficient  as,  even  in  deep  holes,  rock  chips  of 
•ippreciable  size  should  come  back  in  the  mud,  though  sometimes 
it  will  be  found  that  failure  to  find  these  particles  is  due  to  insuf- 
ficient flow  of  fluid  which  allows  the  cuttings  to  remain  at  the  bot- 
tom of  the  hole  until  the  cones  have  ground  them  into  powder. 

Speed  of  rotation. — Speed  of  rotation  is  a  matter  to  be  deter- 
mined by  local  conditions.  In  a  hard  rock  which  has  no  tendency 
to  stick  to  the  cones,  40  to  50  revolutions  per  minute  will  give  the 
best  results.  In  a  sticky  rock,  (iil  to  75  revolutions  per  minute  will 
give  the  best  results,  as  the  teeth  on  the  cutters  will  not  penetrate 
so  dt-eply,  and  the  cuttings  will  be  thrown  clear  of  the  cones,  and 
wit'  wash  hack  in  the  returns. 

Tli';  cone  bit  will  drill  small  streaks  of  gumbo  if  rtin  at  a  high 
speed,  '."i-HO  revolutions  per  minute,  and  fed  down  very  slowly. 


Fis.  II— DrilliDs  weight  rccommtndtd  for  Hu|1ks  Cone  Bits 
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say  two  or  three  feet  per  hour,  with  plenty  of  flushing;  water,  and 
the  bit  can  therefore  be  used  to  advantage  in  "broken"  formations. 

Some  exceptional  records  have  been  made  with  the  cone  bits, 
drillinj^  speeds  of  15-18  feet  per  hour  having  been  reached  in  a 
number  of  cases,  and  300  to  500  feet  of  hole  made  with  one  set  of 
cutters.  On  an  average,  however,  a  good  driller  can  expect  about 
five  feet  of  hole  per  hour  and  from  one  hundred  to  two  hundred 
feet  of  hole  per  set  of  cutters,  in  the  average  rock  encountered  in 
the  Mid-Continent  and  Coastal  oil  fields.    (See  Fig.  10.) 

The  Pickin  gyrating  rock  drill. — Where  un- 
usually hard  formations  are  encountered  at  con- 
isderable  depth  in  a  small  diametcred  hole,  the 
Pickin  bit  is  very  serviceable, 
because,  having  a  single  cutter 
almost  horizontally  placed,  it 
will  drill  under  great  weight. 
Because  of  its  gyrating  move- 
ment the  bit  drills  a  slightly 
larger  hole  than  its  own  diam- 
eter, giving  ample  clearance  pj^  iz—ibf 
space.  '*'''''"  ^''■ 

Disc  bits  for  drilling  in  soft  formations. — The 
Hughes  patent  disc  bit  with  solid  head  and  in- 
clined cutters  is  shown  in  Fig.  13.  This  bit  has 
thirteen  times  as  much  cutting  edge  as  the  fish- 
tail bit,  and  with  the  cutters  constantly  revolving 
it  combines  a  cutting  and  crushing  action.  It  is 
claimed  by  the  manufacturers  that  this  bit  will 
drill  faster  and  last  longer  than  the  ordinary  fish- 
tail bit.  It  has  been  most  successful  in  drilling 
sandy  shales,  soft  sandstones  and  clays  which 
are  fairly  well  indurated.  The  disc  bit  works 
much  better  in  these  formations  than  in  .soft, 
plastic  gumbos  or  similar  formations. 

This  type  of  bit  was  used  quite  extensively  in 
the  Burkbumett  oil  field  of  North  Texas  during 
the  1918  drilling  campaign  and  some  very  good 
records  were  made  with  it.  Several  contractors 
reported   being  able  to  make   as  much   hole  as 
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300  feet  per  day  with  it  under  favorable  circumstances.    They  used 
it  in  shales,  clays,  sands  and  intervening  thin  strata  of  rock.    The 
disc  bit  has  also  been  successfully  used  in  Wy- 
oming and  the  western  fields. 

Rotary  Tool  Joints 
Tool  joints  are  tapered  joints  inserted  in  the 
drill  stem  in  place  of  ordinary  couplings  or  col- 
lars, and  they  usually  occur  every  third  or  fourth 
joint,  depending  on   the   height   of  the  derrick. 
They  consist  of  a  standard  box  and  pin,  each  of 
which  is  threaded  on  the  other  end  to  receive  the 
regularly  threaded  drill  stem.    The  taper  or  size 
of  the  box  and  pin  has  varied  according  to  the 
individual   whim  of  the  various  manufacturers, 
but  there  has  been  a  very  concerted  eJfort  of  late 
to  get  all  manufacturers  of  tool  joints  to  adopt 
a  standard  thread.    Most  manufacturers  are  now 
using  a  3^x4^  box  and  pin  threaded  fH'^ahreads 
per  inch  on  their  4-inch  tool  joints.    Of^te  the 
tendency  has  been  to  make  the  threads  coarser  as 
a  more  careful  study  is  made  of  the  use  to  which 
the  tool  joints  are  put  on  the  der- 
rick floor.     One  company  has 
adopted  the  Acme  or  flat  thread 
for  all  tool  joints  after  making  a 
F'S.  H-a--Hugh(s      carcfuI  study  of  the  matter.    (See 
Fig.  14a. 
Rotary  tool  joint  threads  are  never  wiped  clean 
and  polished  before  being  made  up  as  are  tool  joints 
used  in  the  cable  tool  fields.    On  the  other  hand  they 
are  "doped"  with  a  very  heavy  oil  or  grease,  includ- 
ed in  which  is  usually  a  generous  amount  of  mud  and 
sand,  and  screwed  together.    In  setting  a  "fourble" 
with  a  pin  on  the  bottom  upon  the  box  into  which 
it  is  to  be  screwed  the  drillers  are  none  too  gentle, 
and  if  the  threads  are  fine  the  tops  of  the  threads  are 
usually  knocked  ofT.    The  fit  between  the  threads  of        ^'^^^ '  Tool 
the  finely  threaded  box  and  pin  is  very  close,  and  '""'• 
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the  mud,  sand  and  pieces  of  steel  collecting  in  this  space  tend  to 
"freeze"  the  joint.  When  unscrewed  after  becoming  stuck  in  this 
manner,  the  threads  are  usually  stripped  off.  Hence  the  tendency 
to  get  coarser  and  coarser  threads  with  more  clearance  between 
them. 

TADLE    SHOWING    DIMENSIONS    OP    STANDARD    TOOL    JOINTS 

Outside  Diimcler  Si»  Boi  and  Pin 


Figure  14  gives  characteristic  views  of  the  ordinary  tool  joint. 


Fi«.  14-c— III 
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Fishing  Jobs— Rotary  Drilled  Wells 

In  the  course  of  the  drilling  of  a  well  with  rotary  equipment, 
fishing  jobs  are  encountered  but  they  are  commonly  of  a  compara- 
tively simple  character  compared  with  those  encountered   in  the 
cable  tool  system  of  drilling.    Almost  all  of  the  tools  used  in  rotary 
fishing  are  run  on   pipe   and   all 
pulling  is   done  on    the   pipe  on 
which    the    fishing    tool    is    run. 
Therefore  rotary  fishing  jobs  are 
primarily  pipe  fishing  jobs. 

The  most  common  form  of 
fishing  job  is  caused  by  the  twist- 
ing off  of  the  drilling  pipe.  The 
lost  pipe  can  be  recovered  by  run- 
ning an  "overshot"  (See  Fig.  ITi) 
which  consists  of  a  bowl  made  up 
^Vig.  i5-Ro»tx  FLshidg°To"?s'"  SO  as  to  be  large  enough  to  go 

over  the  drill  pipe  collar  or  tool 
joint.  It  contains  slips  on  the  inside  which  catch  under  the  collar 
or  tool  joint  when  the  fishing  pipe  is  pulled  up.  A  newer  type  of 
overshot  is  so  made  that  if  the  lost  drill  pipe  will  not  come  after 
catching    hold    of    it,    the    slips    can    be    released    by    rotatinjr. 

If  it  is  not  convenient  to  run  the  overshot,  a  bull- 
dog wash-down  spear  is  run.  {  See  Fig.  16.)  This 
fishing  tool  has  the  advantage  that  it  can  be  worked 
down  through  a  hole  that  is  badly  caved.  Care  should 
be  taken  to  see  that  the  slips  used  in  this  spear  arc 
the  proper  size  for  the  weight  of  pipe  for  which  you 
are  fishing.  As  the  slips  are  made  to  close  size,  a  very 
small  variation  in  the  internal  diameter  of  the  lost 
pipe  will  cause  the  slips  to  not  take  hold  or  be  unable 
to  enter  the  pipe.  It  is  always  well  to  have  all  of 
these  facts  at  hand  before  ordering  a  spear  from  a 
supply  house.  After  catching  hold  with  a  spear  of 
this  type  a  good  strong  pull  is  taken.  If  the  lost  pipe 
refuses  to  come,  the  spear  can  sometimes  be  recovered 
by  rotating.    Also  if  the  lost  pipe  contains  tool  joints 
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of  the  lost  pipe  can  be  recovered  by  "backing  up"  and  unscrewing 
the  pipe  at  one  of  the  tool  joints. 

One  common  method  of  recovering  drill  pipe  which  will  not  pull 
is  by  fishing  with  a  string  of  pipe  threaded  with  left-hand  instead 
of  right-hand  threads.  A  good  hold  is  taken  with  a  spear  or  left- 
hand  threaded  pipe  tap  and  then  the  fishing  string  is  "backed  up" 
or  rotated  in  the  common  direction  for  unscrewing.  This  tightens 
the  left-hand  threaded  pipe  joints  and  unscrews  those  below.  Three 
or  four  joints  of  pipe  are  commonly  recovered  with  each  run. 

Fishing  with  die  nipple3  as  described  on  page  110  is  also  com- 
monly practiced  in  rotary  country.  Also  left-hand  threaded  and 
right-hand  threaded  taps  are  used.  These  can  be  threaded  into 
pipe  or  tool  joints  and  will  stand  a  very  severe  pull. 

If  the  lost  pipe  cannot  be  recovered,  a  whip  stock  is  dropped 
into  the  hole  and  the  fishing  job  is  "sidetracked."  Very  little 
trouble  is  occasioned  in  "drilling  by"  lost  pipe  with  rotary  tools. 
If  it  is  desired  to  sidetrack  and  the  lost  pipe  happens  to  be  inside 
the  casing,  a  milling  tool  is  run  immediately  after  the  whip  stock 
is  dropped  and  a  hole  is  milled  in  the  casing  through  which 
drilling  can  proceed.  The  ease  with  which  work  of  this  kind  can 
be  done  and  drilling  work  be  continued  to  great  depths  beyond  the 
point  where  the  pipe  is  sidetracked  is  easily  understood  when  it  is 
borne  in  mind  that  it  is  not  necessary  that  rotary  drilled  holes  be 
as  straight  as  those  drilled  by  the  cable  tool  system. 


TABLE  SHOWING  DIMENSIONS  OF  OVERSHOTS 


Size  Pipe 

to   Run  on, 

Inches 

Size   Pipe 

to  Run  in, 

Inches 

Size  Pipe 

to   Catch, 

Inches 

Weiifh 
Pound 

6 

8J4 

4 

100 

6 

10 

4 

260 

SVa 

10 

• 

236 

8% 

10 

6 

19?. 

8J4 

12/2 

6 

310 

10 

121/4 

6 

312 

Device  for  preventing  twist-off  fishing  jobs. — J.  D.  Baughner,  a 
driller  employed  by  the  Union  Oil  Company  of  California,  has 
invented  a  device  for  preventing  fishing  jobs  caused  by  twist-offs 
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■    in  the  rotary  system  of  drilling.    This  device  is  being  used  quite 
extensively  in  the  fields  of  Southern  California. 

Rotary  drill  stems  are  made  up  of  special  pipe  and  the  majority 
of  fishing  jobs  encountered  in  drilling  a  rotary  hole  are  caused  by 
the  twisting  off  of  this  stem  at  the  joints,  or  couplings.  Twist-offs 
will  ordinarily  occur  at  one  of  the  couplings  between  the  tool 
joints.  It  is  also  a  fact  that  most  twist-offs  occur  near  the  bottom  of 
the  stem,  since  the  greatest' stress  is  developed  at  that  point.  Mr. 
Baugher's  device  is  therefore  applied  to  the  bottom  80  feet  of  the 
drill  stem,  or  between  the  lowermost  tool  joint  and  the  drill  collar. 

The  essential  purpose  of  the  device  is  to  tie  the 
four  bottom  joints,  drill  collar,  and  bit,  to  the  nearest 
tool  joint.  This  is  effected  by  the  use  of  a  wire  cable 
babbitted  into  a  wire  line  socket  at  both  ends.  The 
wire  line  sockets  are  shouldered  and  rest  on  the  pin  of 
the  drill  collar.  Between  this  shoulder  and  the  top  of 
the  pin  a  heavy  slotted  washer  is  placed,  and  it  is 
equipped  with  holes  to  allow  the  water  free  circula- 
tion. The  slotted  washer  holds  the  enlarged  end  of  the 
rope  socket  at  both  ends  of  the  drill  pipe.  The  cable 
in  the  pipe  rotates  with  the  stem  and  in  no  way  hinders 
the  action  of  the  water  or  circulating  mud. 

Should  the  drill  collar  and  bit  twist  off  while  drill-- 
ing  in  a  very  broken  formation,  the  wire  line  connect- 
ing it  with  the  tool  joint  prevents  it  from  becorning 
entirely  disconnected  from  the  drill  stem  and  upon 
pulling  the  drill  stem  from  the  hole  the  twisted-off 
portion  will  be  recovered  and  a  very  difficult  fishing 

job  avoided.     On  one  well  in  California  this  device 
prevented  24  out  of  27  fishing  jobs  of  this  nature. 


Fig.  17—Thc 
Baughner    De 
vice   for  Re- 
covering 
Twist-Ofts. 


Mud-Mixing  Methods. 

It  is  very  necessary  in  a  rotary-drilled  well  to  have  a  good  thick 
mud  for  plastering  the  walls  of  the  hole  when  drilling  through 
sands  or  caving  formations.  In  almost  every  hole  drilled  in  wild- 
cat territory  some  time  has  to  be  spent  in  mixing  mud.  There  are 
various  methods  of  doing  this.     They  are  enumerated  as  follows : 
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1.  Using  a  regular  mud  mixer  such  as  is  sold  by  the  oiiwell 
supply  companies.  These  are  placed  near  the  drilling  engine  and 
have  a  sprocket  on  them  that  fits  No.  103  chain.  The  regular  rotary 
drilling  chain  is  simply  extended  backwards  from  the  sprocket  on 


the  line  shaft  to  operate  the  mixer.  The  mixing  shaft  in  the  mixing 
box  is  usually  vertical  with  a  bevel  geared  arrangement  at  the  top 
to  horizontal  shaft  on  which  gear  is  connected.  Some  mixers,  how- 
ever, have  a  horizontal  mixing  shaft  and  use  no  bevel  gear.  The 
mixing  shaft  is  equipped  with  paddles  which  do  the  mixing. 

2.  A  home-made  mixer  can  be  rigged  up  easily  if  one  has  an 
old  sprocket  with  teeth  with  proper  pitch  for  No.  103  chain.  A 
piece  of  4-inch  pipe  about  7  feet  long  is  perforated  with  lj4-inch 
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holes  for  about  3J4  feet  on  one  end.  Six  or  8  holes  are  drilled 
straight  through.  Pieces  of  1-inch  pipe  2J/^  to  3  feet  long  are  in- 
serted in  these  holes  for  paddles  and  flattened  near  the  4-inch  so 
that  they  are  held  rigid  in  the  4-inch.  The  sprocket  is  shrunk  on 
the  other  end  of  the  4-inch  pipe  and  the  mud-mixing  shaft  is 
ready.  A  good  strong'  box  is  then  built  out  of  2-inch  lumber  and 
made  large  enough  to  clear  the  paddles.  Pieces  of  4  by  4-inch 
lumber  are  nailed  across  the  ends  of  the  box  and  sawed  out  to  fit 
the  shape  of  the  cross  section  of  the  4-inch  pipe.  These  act  as 
bearings  or  pillow  blocks.  The  box  is  boarded  up  2  to  3  feet  above 
the  4-foot  shaft  to  catch  the  flying  pieces  of  mud.  It  is  set  in  the 
derrick  floor  in  front  of  the  rotary  or  on  the  ground  near  the  drilling 
engine  with  the  mixer  sprocket  lined  up  with  the  rotary  sprocket 
on  line  shaft  of  the  draw  works.   ' 

3.  Mixing  with  steam. — In  this  method  an  auxiliary  pit  is  dug 
near  the  main  slush  pit  or  a  strong  box  is  built  alongside  the  mud 
ditch.  One  constructed  at  Stratton  Ridge,  Texas,  was  5  by  5  feet 
in  cross  section  and  16  feet  long  with  a  sliding  door  in  one  end  1  foot 
above  bottom  of  box.  After  the  box  has  been  half  filled  with  clay 
and  water  the  steam  is  turned  on.  Steam  pipes  made  of  1-inch  or 
smaller  pipe  are  usually  installed  in  the  corners  of  the  boxes.  They 
point  towards  the  center  of  the  box  so  as  to  keep  the  mud  in  motion 
as  much  as  possible.  This  method  of  mixing  mud  is  somewhat  slower 
than  that  employing  the  mechanical  mixers  above  mentioned  but  it 
gives  very  satisfactory  results. 

4.  •  Mud  could  be  mixed  by  simply  shovelling  clay  into  the  hole 
and  drilling  through  it.  Care  must  be  exercised,  however,  as  the 
clay  tends  to  plug  the  bits  and  causes  very  uneven  drilling. 

5.  It  is  reported  that  at  White  Point,  in  the  Texas  Gulf  Coast 
region,  when  the  Gulf  Production  Company  wanted  thicker  and 
heavier  mud  they  mixed  large  quantities  of  neat  cement  with  regular 
drill  mud.  This  gave  a  mud  of  great  weight,  aiding  in  preventing 
blowouts  and  made  an  excellent  plaster. 

In  selecting  clay,  from  which  to  make  mud,  great  care  should 
be  exercised.  Very  few  clays  will  make  good  mud.  A  clay  must 
be  very  plastic  and  almost  absolutely  free  from  sand  to  make  a 
good  drill  mud.  A  sample  of  the  clay  mixed  by  hand  in  an  ordinary 
wash  basin  will  usually  show  what  kind  of  drill  mud  it  will  make. 
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The  Sampling  of  Rotary  Drilled  Wells. 

General  Consideration. — Much  better  work  can  be  done  in  the 
collecting  of  accurate  samples  from  rotary  drilled  wells  than  is 
apparent  at  first  thought.  The  writer  has  heard  some  very  severe 
criticism  of  the  rotary  system  of  drilling  on  the  ground,  that  it  is 
impossible  to  get  accurate  samples  of  the  formations  drilled 
through.  This  is  not  so  however  for  it  is  possible  to  get  very 
accurte  samples  of  rotary  drilled  wells,  providing  proper  precautions 
are  taken. 

The  first  rule  to  lay  down  in  considering  the  subject  of  accurate 
formation  records  in  rotary  drilled  holes  is  to  admit  that  the  driller 
on  the  well  is  a  man  of  average  intelligence,  who  knows  from  the 
way  his  rotary  is  working  the  general  character  of  the  formation 
he  is  drilling  in ;  that  is,  whether  it  is  hard  or  soft,  gummy  or 
otherwise,  whether  it  cuts  clean  or  is  full  of  "boulders/*  This  is 
told  partly  by  the  way  the  pumps  work  and  partly  by  the  ease  with 
Avhich  the  formation  drills. 

Then  we  will  assume  that  a  couple  of  joints  of  surface  casing 
have  been  set  with  a  tee  at  the  top  into  which  a  joint  of  6-inch  pipe 
has  been  screwed  for  conducting  the  drill  mud  to  the  side  of  the 
derrick.  The  sample  can  be  collected  in  a  sawed-off  nail  keg  into 
-which  three  or  four  thread  protecters  have  been  placed.  This  keg  is 
placed  under  the  discharging  fluid  so  as  to  intercept  a  part  of  the 
column.  As  a  general  rule  the  thicker  the  drill  mu,d  the  more  ac- 
curate will  be  the  sample  obtained.  This  is  due  to  the  fact  that 
thick  mud  plasters  the  hole  and  keeps  it  from  caving  and  at  the 
same  time  it  forms  a  coating  around  unconsolidated  material  and 
carries  it  to  the  surface  in  its  natural  state.  The  writer  has  seen 
small  balls  of  unconsolidated  oil  sand  up  to  J^-i^ch  in  diameter 
which  came  from  2000  feet  underground.  This  material  when 
picked  from  the  sample  keg  looked  like  a  small  ball  of  clay,  but 
upon  being  broken  open  it  proved  to  be  a  ball  of  very  fine  grained 
oil  sand  plastered  with  mud  and  still  containing  the  "live"  oil 
-which  it  carried  when  drilled  into. 

Length  of  time  to  wait  for  sample. — Next  we  will  assume  that 
the  drill  has  been  working  in  a  stiff  gumbo  as  shown  by  the  way 
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the  pumps  work.  Then  the  drilling  gets  easier  and  the  driller  at 
once  begins  to  look  for  a  change  in  the  formation.  Quite  a  good 
deal  of  difference  of  opinion  exists  in  the  Gulf  Coast  country  as  to 
how  long  one  should  wait  after  drilling  into  a  formation  before  he 
begins  to  look  for  samples  of  it.  By  refering  to  the  series  of  tables 
here  shown  one  can  easily  see  how  long  it  takes  samples  to  travel 
from  the  bottom  of  holes  of  different  sizes  using  different  sizes  of 
drill  stem.  The  common  size  of  pump  used  in  the  Gulf  Coast 
territory  is  the  10  by  6^  by  12  pump  and  the  pumping  speed  will 
vary  from  55  to  75  strokes  per  minute.  The  writer  made  a  test 
of  two  of  these  pumps  on  the  derrick  floor  and  found  that  one  pump 
had  a  10-inch  stroke  and  one  a  11-inch  stroke,  instead  of  18.  While 
running  at  60  strokes  per  minute  these  pumps  should  deliver  160 
gallons  per  minute.  By  actual  test  they  delivered  97  gallons  per 
minute  showing  that  these  pumps  were  only  60  per  cent  efficient. 


Another  test  made  with  another  set  of  pumps  running  at  45 
strokes  per  minute  showed  that  they  were  delivering  75  gallons  per 
minute  when  they  should  deliver  120  gallons,  giving  an  efficiency 
of  62  per  cent.  It  is  the  writer's  opinion  that  60  per  cent  represents 
the  average  efficiency  of  this  class  of  pumps  handling  drilling  mud. 
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The  accompanying  diagrams  (Figs.  20,  21  and  22)  are  figured 
fnitn  the  following  formula : 

D  (R'-i')E 

.N= 

x'  y  z 

N  equals  number  of  minutes  for   fluid  to  be  expelled  from   hole  and 

sample  brought  up 
R  equals  radius  of  drilled  hole  (one-half  diameter). 

r  equals  radius  of  outside  of  stem  (one-half  diameter). 
D  equals  depth  of  hole  m  inches 

X  equals  radius  of  pump  cylinder  (one-half  diameter.) 

y  equals  stroke  of  pump 

z  equals  pump  impuUes  per  minute  (both  sides). 

equals  2  X  number  of  strokes  on  both  sides. 
E  equals  efficiency  of  pump  (60  per  cent  used). 


Fg    21— Graph  showing  length  ol  lime  la  wail  ior  ^impk  4-inch  drill  stem  in  S-inch  holf. 

It  may  be  seen  from  these  diagrams  that  it  would  take  cuttings 
28J/i  minutes  to  travel  from  the  bottom  of  a  3()00-foot  hole  of  6-inch 
diameter  containmg  3-inch  drill  stem  and  with  pump  running  Q'> 
strokes  per  minute. 

These  tables  do  not  take  into  account  the  displacement  of  the 
drill  collars  or  tool  joints;  neither  do  they  allow  for  the  lag  of  the 
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cuttings  behind  the  current  of  drill  mud.  It  is  quite  possible  that 
these  two  factors  can  be  left  out  of  this  consideration  as  they  are 
small  and  tend  to  offset  each-other.  Of  course  the  lag  of  the  cut- 
tings will  be  less  the  heavier  the  drill  mud  used  and  the  faster  the 
pumps  are  run. 


Fif.  22— Graph  ihowinE  length  of  time  to  wail  ior  umple  6-ineh  drill  stem  in  lO-inch  hole. 

Marking  of  grief  stems. — Most  all  of  the  grief  stems  or  "Kelly 
Joints,"  in  use  by  the  better  class  of  drillers  in  the  Gulf  Coast  coun- 
try are  marked  with  a  cold  chisel  every  foot  of  their  length.  These 
stems  are  further  marked  in  roman  numerals  beginning  with  one 
at  the  bottom  and  going  to  S8  at  the  top.  The  driller  keeps  track 
of  the  depth  to  the  change  in  the  formations  by  noting  the  mark 
on  his  grief  stem  at  the  time  he  enters  the  new  formation.     As  he 
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has  a  correct  tally  of  the  amount  of  drill  stem  in  the  hole  at  all 
times  this  gives  a  very  accurate  measure  on  the  top  of  the  new 
formation.  By  making  the  same  notation  when  he  goes  out  of  the 
new  formation,  he  knows  exactly  the  thickness  of  the  formation 
and  the  point  at  which  it  occurs.  By  waiting  the  proper  length 
of  time  to  collect  the  sample  from  the  sample  box  he  will  then 
have  an  accurate  sample  of  the  formation  as  well  as  a  correct  no- 
tation as  to  its  depth  below  the  surface  and  its  thickness. 

It  has  been  the  writer's  experience  in  cable  tool  country  that  no 
such  accurate  information  as  to  the  depth  of  the  formation  is  at 
hand.  It  is  customary  to  run  a  steel  measuring  line  in  the  North 
Texas  cable  tool  district,  only  every  week  or  so,  or  when  getting 
ready  to  set  casing  or  probably  when  entering  a  formation  like  the 
black  lime.  In  the  meantime  the  drillers  keep  track  of  the  depth 
to  the  formation  on  the  sand  line.  The  writer  has  checked  up  many 
holes  with  a  measuring  line  which  were  as  much  as  40  to  50  feet 
off.  In  this  respect  the  rotary  country  gives  much  greater  ac- 
curacy than  the  cable  tool  country. 

Getting  the  sample. — After  the  pumps  have  run  the  proper 
length  of  time  to  bring  the  sample  to  the  derrick  floor  the  sample 
keg  is  inserted  under  the  edge  of  the  column  of  drilling  mud  coming 
from  the  6-inch  casing.  After  a  lapse  of  several  minutes  this  keg 
is  removed  and  another  inserted  in  its  place.  The  cuttings  in  the 
keg  are  then  washed  with  clear  water  in  order  to  free  them  of  drill- 
ing mud.  This  sample  while  still  wet  is  inspected  by  the  driller 
and  then  poured  into  a  bottle  for  future  reference.  It  is  very  de- 
sirable to  leave  the  sample  wet  because  in  this  manner  it  stays  in 
its  natural  state  and  can  be  inspected  weeks  later  for  oil,  etc.,  and 
still  have  any  light  oil  which  might  be  held  in  the  sand. 

In  the  meantime  any  indications  of  gas  will  be  noted  in  the 
frothy  nature  of  the  drill  mud  as  it  comes  from  the  well  and  circu- 
lates in  the  ditch.  Several  samples  are  usually  taken  in  the  keg 
and  each  one  checked  against  the  others  in  order  to  arrive  at  the 
exact  nature  of  the  formation  drilled  through.  Some  pieces  of  over- 
lying formations  which  have  caved  off  in  the  hole  will  naturally  be 
found  in  with  the  cuttings  from  the  bottom  of  the  hole  but  these 
will  not  be  considered  as  the  driller  will  recognize  them  having 
seen  them  previously.  In  drilling  with  cable  tools  where  much 
open  hole  is  carried  this  same  trouble  arises  and  but  little  more 
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discretion  is  necessary  in  selecting  samples  from  rotary  drilled  wells 
than  from  cable  tool  drilled  holes. 

When  pulling  out  to  change  bits  there  will  usually  be  a  very- 
good  sample  of  the  formation  last  drilled  through  clinging  to  the 
sides  of  the  bit.  This  gives  a  very  accurate  sample  from  a  par- 
ticular  point  but  is  not  satisfactory  as  a  sample  of  the  whole  for- 
mation as  the  one  which  is  gathered  from  the  sample  keg. 

The  sampler. — Companies  drilling  wildcat  tests  usually  keep  a 
sampler  on  the  rig  at  all  times  and  it  is  this  man's  business  to 
bottle  the  samples  furnished  him  by  the  driller.  In  this  way  the 
driller  is  relieved  of  all  the  trouble  of  collecting  samples  and  can 
devote  all  his  time  to  making  hole  and  looking  after  the  ma- 
chinery. Usually  the  more  competent  a  driller  is  the  more  inter- 
ested he  will  be  in  making  hole  and  the  less  time  he  will  want  to 
spend  in  collecting  and  preserving  samples.  It  has  been  the 
writer's  experience  that  the  better  class  of  drillers  are  very  glad  to 
have  a  sampler  on  the  derrick  floor  and  if  the  sampler  is  the  right 
kind  of  man  he  can  be  made  very  useful.  Some  companies  give 
the  sampler  other  duties  to  perform  such  as  keeping  time,  making 
out  fuel  oil  reports  and  helping  the  driller  with  his  drilling  reports. 

Many  of  the  larger  companies  operating  in  the  Gulf  Coast  coun- 
try require  only  dried  samples  to  be  sent  to  their  main  office  for 
inspection.  These  samples  are  tabulated,  analyzed  and  filed  away 
in  the  geological  department.  The  samples  from  each  well  are 
kept  in  separate  compartments  of  the  filing  system  in  consecutive 
order  from  top  to  bottom.  A  detailed  log  is  prepared  in  the  geo- 
logical department  from  these  samples  and  this  is  checked  against 
the  log  sent  in  by  the  driller  upon  the  completion  of  the  well. 
Different  filing  systems  are  used  by  different  companies  but  they 
all  answer  the  same  purpose. 

TAKING  OP  CORES. 

Coring  soft  formations. — At  various  times  it  is  desirable  to  take 
cores  of  formations  in  rotary  drilled  wells  and  there  are  several 
successful  methods  in  use  for  doing  this.  Some  companies  have 
been  using  a  coring  device  in  soft  formations  in  which  the  core 
barrel  is  incorporated  in  the  center  of  a  fish  tail  bit  or  in  other 
words  the  fish  tail  bit  is  so  made  as  to  hav^  a  hollow  tube  of  about 
lJ/2-inch  diameter  running  up  the  center.     This  lJ/2-inch  opening 
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in  the  shank  of  the  bit  is  threaded  and  pipe  is  screwed  into  it  of 
sufficient  length  to  take  the  amount  of  core  desired.  The  opening 
up  the  center  of  the  bit  is  tapered  somewhat  and  this  makes  it 
slightly  larger  at  the  top  than  it  is  at  the  bottom.  This  tapering 
effect  is  made  for  the  purpose  of  catching  the  core  and  holding 
same  when  the  drill  pipe  is  pulled  from  the  hole. 

Using  this  device  a  hole  is  maintained  of  standard  gauge  and 
the  drilling  is  performed  in  the  same  manner  as  if  they  were  using 
an  ordinary  fish  tail  bit.  The  only  objections  are  that  the  sample 
as  obtained  is  not  kept  in  its  original  state  and  the  length  of  sample 
in  the  core  barrel  does  not  give  the  thickness  of  the  formation 
drilled  into. 

The  core  barrel  shown  in  the  attached  drawing  (Fig.  23),  prob- 
ably has  a  broader  use  than  any  other.  It  is  made  by  cutting  off 
and  bending  over  the  bottom  of  a  piece  of  pipe  and  it  cuts  like  an 
ordinary  post  hole  auger.  In  pulling  out  of  the  hole  the  lip  holds 
the  sample  in  the  barrel.  The  Gulf  Production  Company  uses 
this  device  in  preference  to  all  others. 

The  Holland  core  barrel. — Dr.  W.  A.  J.  M.  van  Waterschoot 
van  der  Gracht,  President  of  the  Roxana  Petroleum  Corporation 
invented  a  coring  device  for  taking  cores  in  soft  formations  when 
drilling 'with  the  rotary  system.  He  used  this  very  satisfactorily 
and  very  successfully  while  prospecting  for  coal  deposits  in  North- 
ern Holland  at  the  time  he  was  Director  of  the  Geological  Survey 
of  the  Netherlands.  It  is  understood  that  this  core  barrel  has  been 
used  by  the  Shell  Company  of  California.  They  are  made  by  the 
Holland  Drill  Company  of  the  Netherlands. 

The  only  complicated  thing  about  this  coring  device  is  the  shoe 
which  is  screwed  onto  the  6-inch  drill  stem.  The  core  barrel  can 
be  4-inch  in  size  and  of  a  sufficient  length  to  take  the  amount  of 
core  desired.  There  is  no  reason  why  a  30-foot  core  can  not  be 
taken  at  one  time  if  it  is  wanted.  The  core  barrel  is  made  up  of 
1-foot  lengths  of  flush  joint  pipe  and  the  bottom  one  of  these  is 
screwed  into  the  shoe.  The  shoe  is  made  of  steel  and  has  water 
courses  running  through  it.  The  bottom  of  this  shoe  has  slots 
into  which  fit  cast  steel  cutting  teeth.  These  teeth  are  set 
into  the  shoe  in  somewhat  the  same  way  as  removable  teeth  are 
fitted  into  circular  saws  in  saw  mills.  As  fast  as  the  teeth  are 
worn  out  they  are  taken  from  the  shoe  and  new  ones  inserted. 
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Hence  there  is  never  any  blacksmithing  to  be  done  when  using  this 
core  barrel.  On  the  inside  of  the  shoe,  some  small  springs  are 
attached  which  keep  the  core  from  falling  out,  once  it  is  taken.     On 


the  top  of  the  core  barrel  an  ordinary  back  pressure  valve  is  fitted. 
This  allows  the  mud  and  water  contained  in  the  barrel  to  be  forced 
out  as  the  core  moves  up  the  barrel  and  prevents  the  drill  mud  from 
entering  the  top  of  the  core  barrel. 
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When  the  core  is  removed  from  the  hole  some  difficulty  will 
always  be  found  in  getting  it  out  of  the  core  barrel.  In  using  1-foot 
lengths  of  flush  joint  pipe  these  can  be  unscrewed  and  the  core 
pushed  out  in  1-foot  lengths. 

Another  type  of  core  barrel. — In  Fig.  24  is  shown  a  drawing  of 
a  coring  device  used  by  the  Rio  Bravo  Oil  Company  for  coring 
in  soft  formations.  This  has  performed  very  satisfactorily  but 
it  has  the  objection  that  only  4  or  5  feet  of  core  can  be  made 
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Fig.  24 — Core   Burrel  Used  By   Rio  Bravo  Oil  Company. 

at  one  time,  and  all  hole  made  has  to  be  reamed  to  size  after- 
wards. This  reduction  of  hole  is  sometimes  quite  desirable  in 
looking  for  casing  seats  and  in  feeling  ahead  for  oil  sand  when 
it  is  desired  to  set  a  string  of  casing  immediately  above  the  oil  sand. 
Coring  Rock  Formations. — For  coring  rock  in  the  Gulf  Coast 
country  there  are  many  successful  types  of  coring  devices  in  use. 
One  of  the  most  common  is  an  ordinary  piece  of  pipe  which  has 
been  annealed  and  had  teeth  cut  on  the  bottom  of  it.  It  is  referred 
to  as  a  "basket"  by  the  drillers.  The  pipe  is  lowered  into  the  hole 
and  rotated  for  the  length  of  core  which  it  is  desired  to  take  and 
then  the  drill  pipe  is  lifted  up  a  short  ways  and  dropped  until  the 
driller  feels  reasonably  sure  that  the  teeth  have  been  turned  in 
enough  to  hold  the  core  while  he  is  pulling  out  of  the  hole.  This 
device  very  seldom  fails  to  catch  the  core. 

Mr.  A.  R.  Gamble,  driller  for  the  Humble  Oil  Company 
at  Stratton  Ridge,  in  Brazoria  County,  has  probably  taken 
as  many  cores  as  any  other  driller  in  the  Gulf  Coast  country.  He 
uses  an  ordinary  piece  of  pipe  on  the  bottom  of  which  a  small 
v-shape  notch  is  cut.  This  is  lowered  into  the  hole  and  rotated 
on  bottom.  It  has  been  found  that  this  core  barrel  makes  a  core 
just  as  fast  as  any  other  style  in  use.  The  barrel  is  rotated  until 
the  amount  of  hole  desired  has  been  made.  (Cores  8  to  10  feet 
long  are  commonly  taken.)  The  swivel  is  then  unscrewed  on  the 
derrick  floor  and  a  double  hand  full  of  small  pieces  of  cast  iron  of 
about  the  same  size  as  one's  finger  nail  is  dropped  into  the  hole. 
The  swivel  is  then  screwed  back  on  and  the  pump  started.    As  soon 
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as  these  pieces  of  cast  iron  have  reached  bottom  the  drill  stem  is 
raised  and  lowered  slowly.  After  repeating  this  a  few  times  the 
drill  stem  and  core  barrel  are  pulled  out.  The  pieces  of  cast  iron 
become  lodged  between  the  barrel  and  the  core  and  hold  the  core  in 
the  barrel.    In  almost  every  case  the  core  is  recovered. 

Of  course  after  using  either  one  of  these  types  of  core  barrels  it 
becomes  necessary  to  ream  the  hole  before  drilling  ahead. 


Screen  Casing  and  Its  Use. 

A  good  description  of  the  common  types  of  screen  casing  is 
given  by  Mr.  Wm.  Kobbe  (Trans.  A.  I.  M.  E.),  as  follows: 

Screen  casing  may  be  divided  into  two  general  classes :  (a)  the 
screening  device  on  the  outside  of  the  casing,  see  Fig.  25-A;  and 
(b)  the  screen  forming  a  part  of  the  casing  wall,  see  Fig.  25-B,  In 
the  first  type  the  screen  generally  consists  of  wire  wound  around 


wriipp*d  _  ID    rece 
ElSd  coll»™n1ioi 


Logs     punched    on 
wire       which       ■( 


.    2S-A— Layne    &    Bov 


DRILLING  METHODS 


41 


perforated  casing,  while  in  the  second  type  the  screen  is  in  the 
form  of  numerous  buttons  or  slotted  brass  plugs  carried  in  the 
walls  of  the  casing  and  flush  with*  the  outside  surface,  or  in  slits 
cut  directly  in  the  casing  wall  itself.  This  latter  type,  sometimes 
known  as  "wireless"  screen,  has  the  advantage  of  withstanding 
hard  usage,  and  many  operators  have  carried  it  for  considerable 
distances  through  unconsolidated  sands.  But  in  very  thick  strata 
of  loose  pay  it  is  ^s  difficult  to  carry  as  shop-perforatfed  casing  and 
entirely  impossible  where  blank  pipe  encounters  difficulties.  The 
wire-wound  screen  casings  are  entirely  unadapted  for  carrying 
through  thick  strata  of  unconsolidated  sands  and  the  attempts  to 
finish  a  well  in  that  way  should  never  be  made.  The  wire  screen, 
however,  possesses  many  advantages  over  the  wireless,  but  in  fin- 
ishing a  well  with  this  type  of  screen  it  is  necessary  to  set  it  either 
inside  a  conductor  string  or  by  means  of  a  rotary,  as  otherwise  the 
wires  may  become  detached  from  the  casing  and  cause  endless 
complicaticms  and  trouble. 

Table  Showing  Comparison  of  Standard  Screen  Gauges. 

Layne  and  Bowler        McEvoy 

(No.) 

.080 

.038 

.024 

.015  15 

.012  12 

.010  10 

.009  9 

.008  8 

.007  7 

.006  6 

.005  5 
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Width  of  Opening 

(M6sh) 

(Inches) 

10 

.080 

20 

.038 

30 

.024 

40 

.015 

50 

.012 

60 

.010 

70 

.009 

80 

.008 

90 

.007 

100 

.006 

110 

.005 

Setting  Screen  Pipe* 

Frequently  when  setting  screen  pipe  or  any  other  type  of  per- 
forated pipe  in  a  well  that  has  been  drilled  through  the  oil  sand 
with  mud  fluid  in  the  hole,  it  is  necessary  to  wash  the  mud  out  of 
the  well  before  finally  setting  the  casing  on  bottom.  If  there  is  a 
strong  gas  pressure  in  the  well  it  is  not  likely  that  any  extra  equip- 
ment will  be  needed  for  this  work.  The  mud-laden  fluid  should  be 
thinned  as  much  as  practicable,  and  the  screen  run  in  as  rapidly 
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as  possible.     The  high  gas  pressure  will  force  the  mud  out  of  the 
sand  into  the  well  and  then  help  clear  the  well  of  the  mud  fluid. 

Conditions  requiring  wash  pipe  method. — The  wash  pipe  A, 
{Fig,  26)  is  a  pipe  of  smaller  diameter  than  the  casing  to  be  set, 
usually  3-inch  or  less,  and  extends  from  the  surface  to  the  packing 
device  below  the  perforations,  or  extends  between  two  packers — 
one  below  and  one  above  the  perforations.  The  purpose  of  using  a 
wash  pipe  is  to  conduct  the  water  to  the  lower  end  of  the  screen 
pipe  before  it  issues  through  the  perforations. 

The  wash  pipe  method  of  setting  shop-perforated  casing  and 
screen  casing  is  used  where  two  separate  conditions  prevail — one, 
where  there  is  a  minimum  gas  pressure  and  it  is  desired  to  wash 
the  hole  free  of  mud  by  conducting  clear  water  down  through  and 
around  the  shoe  joint  of  the  casing  to  be  set;  the  other,  where  there 
is   an    excessive    gas   pressure.      In 
order  to  keep  the  well  under  control 
'—  and  prevent  a  blowout  with  its  con- 

— J  .— —  sequent  disastrous  results,  fluid  has 

to  be  circulated  at  frequent  intervals, 
*"*"""""  However,  it  will  often  be  necessary 
to  clean  the  hole  20  or  more  feet  be- 
low the  pipe,  and  then  fill  the  well 
with  mud  fluid  again  in  order  to 
overcome  the  gas  pressure.     After 

the  gas  pressure  has  been  overcome, 

the  next  joint  of  casing  should  be 

./»_»         P"*  '"  *s  quickly  as  possible. 

,,__  Equipment    when    using    entire 

^— _™       length  of  oil  string. — When  the  gas 

.—  pressure  is  not  great  enough  to  clear 

{~  the  sand  around  the  hole  of  mud,  or 

it  is  impractical,  on  account  of  cav- 

V-™  ing,  to  thin  the  mud  in  the  well,  the 

following  method  is  in  general  use 

(see  Fig.  26) : 

To  prevent  "heaving  sands"  com- 
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valve  a  wooden  wash  plug,  H,  is  set  to  receive  a  wash  pipe,  A,  of 
whatever  diameter  is  desired,  usually  2  or  3  inches.  The  wash  pipe 
should  have  a  coupling  on  each  end  (C  and  G).  Some  operators 
have  used  a  packer  instead  of  a  wooden  plug,  with  uncertain  results. 
The  sand  sometimes  ran  in  on  top  of  the  packer  and  made  it  diffi- 
cult to  remove.  The  wash  pipe  should  extend  from  the  bottom 
wash  plug,  H,  to  a  foot  or  more  above  the  top  coupling,  E,  of  the 
screen  pipe.  Within  this  top  coupling  a  packer  or  wash  ring,  D,  of 
some  soft  material  should  be  placed  around  the  wash  pipe  to  pre- 
vent any  fluid  from  going  around  the  outside.  By  this  means  the 
water  is  carried  from  the  pump  down  through  the  bottom  of  the 
strainer  as  the  latter  is  being  run  into  the  hole.  This  will  clear  the 
w^ell  of  sand,  and  when  the  strainer  is  nearly  on  bottom,  clear  water 
can  be  used  to  wash  the  walls  free  of  any  mud  that  may  be  present. 

In  some  localities  where  there  are  shifting  sands,  operators  have 
found  it  more  profitable  to  let  the  entire  length  of  the  oil  string 
remain  in  the  hole.  A  slight  strain  can  be  placed  on  the  casing  and 
it  can  then  be  clamped  up.  This  will  help  support  the  strainer  in 
the  bottom,  it  will  not  be  so  liable  to  shift  over  or  get  damaged, 
and,  when  redrilling,  the  chance  of  removing  all  of  the  oil  string 
will  be  greatly  increased. 

Removing  wash  pipe. — When  the  outside  washing  is  complete, 
a  string  of  tubing  is  lowered  into  the  well  and  is  screwed  onto  the 
wash  pipe.  As  the  wash  pipe  is  being  withdrawn,  pump  pressure 
is  placed  on  it  to  help  clear  the  strainer  of  any  sand  that  may  have 
run  inside  during  the  setting.  In  fact,  hydraulic  pressure  may  be 
necessary  to  help  remove  the  wash  pipe,  if  sand  has  settled  tightly 
around  it.  If  the  use  of  pumps  to  help  loosen  the  wash  pipe  is 
unnecessary,  the  pipe  may  be  lifted  out  by  using  a  tubing  spear  run 
in  on  a  wire  line.  It  may  be  advisable  to  do  such  pulling  with  the 
calf  wheels. 

If  the  rotary  method  of  drilling  has  been  used,  a  rotary  shoe 
(L,  Fig.  26)  or  drill  bit  can  be  placed  on  the  bottom  of  the  screen 
to  facilitate  cleaning. 

Recovering  part  of  oil  string. — When  it  is  desired  to  recover 
part  of  the  oil  string  used  for  setting  the  strainer,  because  another 
string  of  casing  has  previously  been  set  on  top  of  the  oil  sand,  the 
method  is  slightly  modified.  As  mentioned  before,  a  plain  cas- 
ing   shoe    inverted    and    threaded    with    left-hand    threads    may 


44  PETROLEUM  PRODUCTION  METHODS 

be  used  as  an  adapter.  Another  adapter  in  common  use  is  a  lead 
seal  coupling.  The  top  coupling,  which  has  a  left-hand  thread, 
is  fiitted  with  a  lead  ring,  which  can  be  expanded  by  means  of  a 
swage  or  sealing  iron  tool  to  fit  the  outside  casing  more  closely. 
Into  the  lead  senl  coupling  is  screwed  a  short  right  and  left-handed 
thread  nipple,  on  top  of  which  is  fitted  a  steel  wash  and  pull  ring. 
When  the  left-hand  nipple  is  backed  off  preparatory  to  pulling 
the  top  casing,  this  steel  ring  catches  op  top  coupling  of  the  wash 
pipe,  and  is  pulled  out. 

Canvas  Adapter  Packers  Used  in  the  Gulf  Coast  Fields 
In  the  Gulf  Coast  fields  lead  seal  adapter  packers  have  been 
found  very  unsatisfactory  owing  to  the  fact  that  it  is  impossible  to 
make   a  seal   in   the  hole 

Rttchet      Tluctdl.      (1)  — 


between  lead  and  steel 
which  will  hold  back  wa- 
ter. The  Layne  &  Bowler 
Company  of  Houston, 
Texas,  manufacture  a  can- 
vas packer  which  is  run 
on  the  string  of  pipe  to 
which  the  strainer  is  at- 
tached and  it  is  placed  in 
the  strainer  string  so  as 
to  come  40  or  50  feet  up 
the  hole  from  the  bot- 
tom of  the  last  string 
of  casing  run  (see  Fig. 
2i.)  This  packer  is 
run  on  a  setting  tool  and 
as  soon  as  the  strainer  is 
landed  on  bottom  the  pipe 
at  the  top  of  the  hole  is 
turned  to  the  right  about 
31  turns  which  releases 
the  ratchet  threaded  set- 
ting device.  The  weight 
of  the  pipe  above  the 
packer  is   then   let   down 


C«nv»»  Picking.  (2)— The 


;.  27— L»yne  &  Bowttr  C»nT»»  Packer. 
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upon  the  packer  and  the  canvas  is  compressed  to  a  total  length  of  12 
to  14  inches.  A  lead  cone  which  is  contained  inside  the  canvas  is 
forced  with  the  canvas  out  against  the  casing,  and  this  insures  a 
good  tight  pack.  It  also  removes  the  danger  of  bursting  the  casing. 
This  packer  makes  an  absolutely  watertight  seal  which  will  with- 
stand enormous  water  pressures.  In  tests  made  at  the  plant  of  the 
Layne  &  Bowler  Company  in  Houston,  hydraulic  pressure  as  high 
r.s  2000  pounds  per  square  inch  have  been  applied  behind  these 
packers  without  the  slightest  amount  of  water  showing  up  outside. 
The  wash  pipe  is  run  on  the  setting  tool  in  this  system  and 
when  the  setting  tool  is  pulled  from  the  hole  the  wash  pipe  is  re- 
moved with  it,  thus  saving  the  trouble  of  fishing  for  wash  pipe. 

Loosening  Casing.     Rotary  Drilled  Wells. 

When  getting  ready  to  abandon  a  rotary-drilled  well  in  the  Gulf 
Coast  country  it  is  very  difficult  to  recover  much  of  the  casing 
which  has  been  landed.  One  of  the  most  successful  methods  em- 
ployed for  freeing  casing  in  this  country  is  that  used  by  Mr.  Neils 
Esperson,  a  successful  practical  coastal  operator.  The  steps,  are 
about  as  follows: 

In  pulling  a  string  of  8-inch  or  10-inch  casing  9  lines  are  strung 
up  on  a  4-shieve  travelling  block  with  J^-inch  steel  cable.  With  a 
112-foot  derrick  this  takes  up  1100  feet  of  cable.  A  good  strong 
pull  is  made  and  the  amount  of  stretch  of  the  pipe  is  noted.  It  is 
usually  figured  that  the  pipe  will  stretch  1  inch  for  every  100  feet 
that  is  free.  For  instance,  if  the  pipe  stretches  8  inches  it  is  estimat- 
ed that  800  feet  is  free.  If  it  is  desired  to  free  more  than  this 
imount  of  pipe  a  small  diameter  hole  (5%  inches)  is  drilled  down 
along  the  outside  of  the  casing  to  the  bottom.  A  pull  is  then  made 
and  if  the  pipe  does  not  come  another  small  hole  is  drilled  on  the 
other  side  of  the  casing  and  another  pull  is  made.  If  it  doesn't 
come  this  time  a  note  is  made  of  the  stretch.  If  the  pipe  stretches 
12  inches  it. is  figured  that  1200  feet  is  free  and  a  charge  of  dyna- 
mite is  lowered  to  this  depth  and  the  casing  shot  in  two.  The  1200 
feet  is  then  pulled. 

Care  should  be  exercised  not  to  make  too  strong  a  pull.  With 
hydraulic  jacks  or  extra  strong  pulls  a  collar  is  simply  stripped  of 
its  thread  and  this  is  all  the  pipe  recovered,  usually  about  80  feet. 
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Fuel  Economy  Around  Drilling  Wells. 

The  cost  for  fuel  oil  is  such  an  important  item  that  companies 
engaged  in  carrying  on  extensive  operations  are  beginning  to  pay 
more  and  more  attention  to  the  problem  of  cutting  down  fuel  oil 
consumption  at  the  drilling  wells.  This  is  particularly  true  in 
■"wild  cat"  wells  quite  a  distance  removed  from  any  source  of  fuel 
oil  where  long  hauls  have  to  be  made  to  get  the  oil  to  the  well. 
In  quite  a  few  localities  fuel  oil  for  "wild  cat"  drilling  wells  is 
costing  as  high  as  $6.00  per  barrel  delivered  at  the  well.  With  an 
ordinary  boiler  consuming  around  fifteen  barrels  per  day  it  can 
be  readily  seen  that  it  is  very  important  to  save  every  barrel  pos- 
sible. 

Feed  water  heaters. — There  is  a  great  waste  of  exhaust  steam 
around  any  drilling  well,  particularly  where  the  rotary  system  of 
drilling  is  being  used.  By  connecting  the  exhaust  from  the  pumps 
and  engine  to  an  ordinary  feed  water  heater  of  which  there  are 
several  good  makes  on  the  market  a  saving  of  10  to  15  per  cent  in 
fuel  bills  can  be  very  easily  be  effected. 

Covering  boiler  with  asbestos. — By  housing  in  the  boiler  and 
covering  same  with  asbestos  cement  a  further  saving  can  be  ef- 
fected. In  covering  an  ordinary  drilling  boiler  with  asbestos  ce- 
ment it  is  customary  to  first  cover  it  with  ordinary  chicken  wire  or 
expanded  wire  metal.  Then  the  asbestos  cement  is  mixed  and 
applied  to  a  thickness  of  2  to  2J/^  inches.  Some  companies  then 
wrap  the  boiler  with  muslin  or  cheese  cloth  to  hold  the  cement  in 
place  and  in  some  cases  it  is  customary  to  cover  the  whole  with 
thin  sheet  iron. 

The  steam  lines  leading  from  the  boiler  to  the  derrick  floor 
should  be  placed  at  least  one  foot  above  the  ground  and  should  be 
insulated  with  85  per  cent  magnesia  or  asbestocel  pipe  covering. 
The  pipe  covering  is  then  wrapped  with  roofing  paper  to  protect 
it  from  the  weather. 

By  insulating  the  equipment  as  above  recommended  a  fuel  sav- 
ing of  15  to  20  per  cent  can  be  expected.  As  this  equipment  should 
not  cost  much  more  than  around  $500.00,  it  can  be  easily  seen  that 
it  will  pay  for  itself  in  a  very  short  time.  Another  very  important 
item  in  this  connection  is  that  with  these  fuel  economizers  in  use 
much  drier  steam  will  be  delivered  to  the  engine  and  pumps  and 
they  will  be  able  to  develop  more  power.     At  the  same  time  in 
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some  cases  it  will  be  found  that  operations  can  be  carried  on  with 
smaller  size  boiler  equipment  than  where  no  fuel  economy  is  being 
effected. 

The  Blow  Out  Preventer*. 

Description  of  apparatus. — The  blow-out  preventer  is  a  modi- 
fied type  of  a  stuffing  box  casing  head,  which  in  turn  is  an  addition* 
to  the  four-way  T.  The  immediate  object  of  the  preventer  is  to 
control  the  flow  of  oil  or  gas  between  the  two  strings  of  casing,  and 
naturally  its  use  is  better  adapted  to  drilling  by  the  rotary  method 
in  which  the  circulating  water  keeps  an  open  space  between  the 
inner  casing  and  the  wall  of  the  hole.  An  idea  of  its  operation  may 
be  gained  by  imagining  a  four-way  T  attached  to  the  top  of  the  last 
casing  set  or  landed  and  the  inner  casing  passing  through  the  T, 
the  flow  of  oil  or  gas  between  the  casings  being  deflected  to  the 
lateral  openings  of  the  T  by  closing  the  annular  space  between  the 
inner  casing  and  the  upper  part  of  the  T  by  means  of  a  stuffing 
box.  In  the  preventer  the  stuffing  box  can  be  removed  or  put  in 
place  by  turning  the  adjuster  screws  (Fig.  28-a)  which  operate 
slips  (Fig.  28-b)  provided  with  hydraulic  packing  that  fit  around 
the  inner  casing  as  an  adaptable  split  valve.  To  the  lower  open- 
ings are  bolted  interchangeable  screw  flanges  to  fit  standard  casings 
from  6  to  12J4  inches  in  diameter,  and  to  the  opposite  openings  are 
attached  suitable  guide  plates  (Fig.  28-c)  to  prevent  the  wearing  of 
the  inner  parts  of  the  apparatus  by  the  revolving  inner  casing. 
These  guide  plates  are  made  to  fit  casings  from  8  to  2J4  inches  in 
diameter.  The  lateral  openings  (Fig.  28-d)  are  threaded  to  fit  pipe 
6  inches  in  diameter.  The  apparatus  is  manufactured  of  cast  steel 
and  lined  with  babbitt  metal,  being  tested  to  stand  a  pressure  of 
about  2000  pounds  per  square  inch.  A  wrench  in  two  parts  (Fig. 
28-e)  which  are  welded  together  to  the  required  length,  is  provided 
to  turn  the  adjuster  screws  (Fig.  28-a). 

Mode  of  Operation.— -To  insure  the  successful  operation  of  the 
preventer,  careful  attention  must  be  given  to  all  the  details,  such 
as  welding  the  bars,  fitting  the  small  pins  that  secure  the  wrench 
to  the  screws,  and  providing  a  suitable  place  outside  the  derrick  for 
the  man  who  is  to  operate  the  wrenches,  etc.,  as  soon  as  the  appara- 
tus is  put  in  place. 
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The  preventer,  when  used,  is  always  placed  on  the  last  string  of 
casing  set  or  landed,  thus  controlling  the  flow  between  that  string 
and  the  drill  pipe  or  casing  that  is  being  lowered.  The  slips  should 
be  in  a  position  to  be  clamped  around  the  drill  pipe,  but  should  not 
be  kept  too  near  it,  in  order  to  avoid  possible  damage  to  the  hy- 
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FIG.     28— BLOWOUT     PREVENTER 

draulic  packing.  If  the  well  is  being  drilled  with  a  rotary  rig,  the 
back-pressure  valve,  inside  the  drill  pipe  will  effectively  prevent 
any  flow  upward  through  this  pipe  ,and  if  the  standard  rig  is  used, 
a  heavy  gate  valve,  which  can  be  closed  after  removing  the  drill- 
ing toots,  is  placed  on  top  of  the  inner  casing.  The  only  outlet  left 
is  the  space  between  the  casings,  and  the  flow  through  this  opening 
can  generally  be  controlled  by  clamping  the  split  valve  of  the  pre- 
venter around  the  inner  casing  and  closing  the  gate  valves  on  the 
pipes  connecting  the  two  lateral  openings. 

Sealing  of  artesian  water  or  gas  strata. — It  sometimes  becomes 
necessary  to  exclude  from  the  drill  hole  water  or  gas  found  in  an 
underlying  sand  in  order  to  control  the  well  or  to  recover  or  test  for 
the  oil  below.  This  end  can  be  easily  accomplished  in  drilling  with 
a  rotary  rig  by  forcing  mud-laden  water  to  the  bottom  of  the  ^vell 
through  one  of  the  lateral  openings  of  the  preventer,  the  pressure 
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being  regulated  by  closing  the  valve  connected  to  the  other  open- 
ing. A  back  pressure  valve  in  the  drill  pipe  will  prevent  the  flow 
of  the  mixture  through  pipe.  By  drilling  short  distances  and  forc- 
ing as  much  mud  as  possible  into  the  porous  sands  penetrated,  the 
wall  of  the  hole  through  the  gas-bearing  or  water-bearing  strata  is 
plastered  with  mud.  After  the  entire  thickness  of  the  porous  bed 
has  been  penetrated  and  the  casing  landed  in  an  impervious  bed, 
another  string  may  be  used  to  tap  the  oil  sands  below.  The  gas 
thus  excluded  can  be  recovered  afterwards  by  drilling  shallower 
wells  to  the  upper  sands. 

This  method  can  also  be  employed  in  drilling  the  entire  thick- 
ness of  a  gas  or  oil  sand  under  tremendous  pressures,  an  operation 
that  might  otherwise  prove  troublesome.  The  mud  can  easily  be 
removed  by  releasing  the  pressure  or  bailing  down  the  water  in  the 
hole,  a  strainer  or  perforated  casing  being  placed  in  the  sand  to 
prevent  the  wall  of  the  well  from  caving  when  the  pressure  is  re- 
leased. 

Testing  of  supposed  oil  or  gas  sands. — It  is  often  advisable  be- 
fore drilling  is  continued  to  ascertain  whether  certain  beds  carry 
oil.  The  work  involved  is  often  accompanied  by  accidents  and  loss 
of  time,  as  the  material  may  collapse  and  pack  around  the  casing, 
thus  preventing  its  removal  or  further  lowering.  Many  such  ac- 
cidents can  be  avoided  and  the  required  test^  made  by  using  a 
preventer  or  stuffing-box  casing  head  in  the  following  manner. 

After  the  preventer  has  been  attached  to  the  last  casing  set,  a 
special  shoe  about  8  feet  long  is  attached  to  the  bottom  of  the  inner 
casing,  and  this  is  lowered  to  the  bottom  of  the  hole  and  driven 
down  into  the  formation,  making  a  water  tight  joint.  The  split 
valve  of  the  preventer  is  then  closed.  A  pump  is  attached  to  one 
of  the  lateral  outlets,  the  valve  on  the  other  being  kept  closed  to 
control  the  pressure  in  the  well.  Mud-laden  water  is  then  pumped 
in  between  the  casings  and  the  pressure  is  increased  in  order  that 
the  formation  will  not  cave  and  "freeze''  the  inner  casing.  While 
the  pressure  is  maintained  the  column  of  fluid  in  the  inner  casing 
is  bailed  out.  This  fluid  being  a  representative  sample  of  that 
which  came  from  the  formations  passed  through  should  show  the 
presence  of  oil  if  any  has  been  encountered.  Great  care  should 
be  exercised  in  bailing  out,  as  the  casing  may  happen  to  be  in  such 
condition  that  it  will  not  withstand  the  outside  water  pressure. 
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THE  CABLE  TOOL  SYSTEM  OF  DRILLING. 

This  system  of  drilling  wells  is  so  widely  known  that  a  detailed 
description  of  it  hardly  seems  necessary. 

Surface  equipment. — The  standard  drilling  rig  used  in  the  opera- 
tion of  a  string  of  cable  drilling  tools  is  shown  in  Fig.  29.     The 


FIG.  29— STANDARD  DRILLING  RIG. 


derrick  can  be  any  height  from  GO  to  120  feet,  but  the  84-foot  derrick 
is  most  commonly  used.  The  drilling  motion  is  imparted  by  the 
"up  and  down"  movement  of  the  walking  beam.  The  crank  on 
the  band  wheel  shaft  operates  the  walking  beam,  being  connected 
with  it  by  a  pitman.     The  length  of  stroke  of  the  tools  is  controlled 
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by  moving  the  wrist  pin  back  and  forth  along  the  crank.  This 
crank  is  rotated  by  the  band  wheel  which  is  belt  driven  from  a 
steam  engine  or  electric  motor.  The  steam  engines  are  ordinarily 
of  the  single  cylinder  slide  valve  type,  varying  in  size  from  10j4xl2 
to  12x12,  and  in  some  cases  being  as  large  as  16x16  for  extremely 
deep  holes.  The  engine  is  controlled  from  the  derrick  floor 
by  means  of  a  reversing  lever  and  "telegraph  cord*'  attached 
to  the  engine  throttle.  A  tug  rim  is  attached  to  the  band  wheel 
on  the  side  opposite  to  the  crank  arm.  This  is  used  for  transmit- 
ting power  by  rope  drive  to  the  bull  wheels  on  which  the  drilling 
cable  is  spooled.  To  this  same  side  of  the  band  wheel  is  also  at- 
tached the  sprocket  which  drives  with  a  chain  a  corresponding 
sprocket  on  the'calf  wheel.  The  calf  wheel  is  used  for  raising  and 
lowering  casing.  The  "sand  reel"  on  which  the  bailing  line  is 
spooled  is  also  operated  from  the  band  wheel,  being  operated  by 
a  friction  drive.  On  top  of  the  derrick  is  the  crown  block  which 
quite  commonly  contains  six  shieves.  Four  of  these  shieves  are 
for  the  accomodation  of  the  casing  line  operated  off  of  the  calf 
wheel.  The  large  shieve  in  the  center  of  the  crown  block  accomo- 
dates the  drilling  line,  and  the  other  one  accomodates  the  "sand" 
or  bailing  line. 

From  the  end  of  the  walking  beam  which  projects  inside  the 
derrick  the  temper  screw  is  suspended.  The  drilling  clamps  which 
hold  the  drilling  cable  are  attached  to  the  lower  end  of  this  temper 
screw.  The  temper  screw  ordinarily  has  a  "let  out"  of  60  to  70 
inches,  and  the  progress  in  drilling  hole  is  made  by  "letting  out 
screw"  or  unscrewing  same  through  a  threaded  box. 

The  drilling  tools. — A  "string"  of  cable  drilling  tools  which  is 
about  40  feet  long,  consists,  ordinarily,  of  a  bit,  auger  stem,  drilling 
jars,  and  rope  socket.  These  tools  are  joined  together  by  "tool 
joints."  As  it  is  very  necessary  that  the  joints  be  made  up  very 
tightly  a  special  jack  working  on  a  circular  track  is  used  to  screw 
them  together  on  the  derrick  floor.  Each  tool  has  a  "square"  on 
it  at  each  end  immediately  below  the  box  or  pin  of  the  tool  joint, 
and  specially  made  wrenches  are  fitted  to  these  squares  in  the 
"making  up"  of  a  "joint."  The  rope  socket  is  connected  to  the 
drilling  cable.  This  attachment  with  a  manila  line  is  commonly 
made  through  a  "woodpecker"  socket.  With  a  wire  drilling  line 
the  connection  is  made  by  babbitting  the  end  of  the  line  into  the 
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socket.  Most  drillers  now  prefer  to  use  the  swivel  rope  socket 
with  a  wire  drilling  line.  This  type  of  socket  permits  the  twist  of 
the  wire  drilling  line  to  adjust  itself  and  makes  the  handling  of  the 
tools  much  easier.  The  wire  drilling  lines  are  commonly  made  of 
six  strands  of  19  wires  each  wound  around  a  hemp  core.  The  wire 
going  into  these  lines  varies  in  composition  but  it  is  commonly 
crucible  cast  steel.  The  drilling  lines  vary  from  J^  to  1  inch  in 
diameter. 

The  actual  operation  of  drilling  is  accomplished  by  raising  and 
lowering  this  string  of  tools,  the  blow  delivered  by  the  tools  striking 
the  rock  shattering  it  and  the  subsequent  strokes  further  pounding 
it  up.  The  drilling  line  is  attached  to  the  temper  screw  which  in 
turn  is  suspended  from  the  walking  beam,  as  h^s^been  mentioned. 
The  speed  of  the  drilling  engine  governs  the  number  of  strokes  per 
minute  of  the  walking  beam  and  the  rate  of  drilling.  The  regulat- 
ing of  the  engine  speed  so  as  to  get  the  correct  "drilling  motion" 
is  quite  an  art  and  is  discussed  by  Curtin  as  follows : 

Discussion  of  "Motion"  In  Drilling' 

"The  following  hints  on  the  running  of  tools  may  be  of  service  to  many 
drillers,  although  it  is'  acknowledged  that  the  skill  necessary  for  efficiency 
can  be  gained  only  through  practice. 

"  'Motion'  is  the  engine  control  applied  by  the  driller  in  the  raising  and 
dropping  of  cable  tools.  A  driller  who  thoroughly  understands  motion  has 
mastered  his  trade  so  far  as  the  operation  of  the  drilling  tools  is  concerned. 

"With  each  added  foot  of  hole  there  is  an  almost  unnoticeable  change 
in  motion.  As  the  depth  of  the  hole  increases,  the  difference  in  motion 
becomes  evident  when  compared  with  the  motion  carried  at  a  shallow  depth. 
The  adjustment  of  the  steam  power  to  the  fall  of  the  tools  changes  with 
every  variation  of  the  hole. 

"When  drilling  in  a  dry  hole,  with  a  manila  line,  control  of  the  tools 
becomes  more  difficult  as  the  depth  increases;  the  engine  becomes  'weaker* 
with  the  greater  load  caused  by  the  increased  depth  of  hole. 

"As  a  premature  use  of  engine  balances  retards  the  drop  of  the  tools 
and  compels  a  slower  motion,  the  common  practice  among  experienced 
drillers  is  to  avoid  the  use  of  the  balance  in  dry-hole,  manila-line  work 
where  the  formation  stands  up,  so  long  as  they  can  keep  the  engine  'on  its 
feet'  without  being  compelled  to  run  the  tools  too  'loose.'  With  an  ordinary 
drilling  engine,  when  a  depth  of  2000  to  2500  feet  is  reached  without  the 
use  of  a  balance,  great  skill  in  steam  control  is  required  to  maintain  the 
proper  motion,  or,  in  fact,  any  workable  motion. 

"If  the  opposing  drillers,  on  different  tours  or  shifts,  are  not  equally 

>By  Thomas  Curtin,  United  States  Bureau  of  Mines,  Bulletin  No.   182. 
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skilled  in  steam  control,  or,  as  it  is  termed,  in  handling  the  engine  the 
sensible  procedure  for  the  driller  having  trouble  in  maintaining  the  proper 
motion  is  to  swallow  his  pride  and  resort  to  the  use  of  the  balance  when 
he  comes  on  tour,  allowing  his  mate  to  take  the  balance  off  or  leave  it  on 
at  his  discretion. 

"When  an  engine  begins  to  become  unmanasreable,  time  is  saved  by 
putting  on  a  balance,  and  the  danger  of  compulsory  loose  running  in  order 
to  retain  engine  control  is  averted  . 

"The  same  rule^  that  apply  to  manila-Iine  drilling,  as  regards  motion 
and  balances,  do  not  apply  when  using  a  wire  line.  The  'reach'  ajid  'take 
up'  of  a  manila  line  exceeds  th^t  of  a  wire  line.  In  wireline  drilling,  the 
weight  of  tools  and  other  conditions  being  the  same,  the  use  of  balances  at 
lesser  depths  than  would  be  required  with  a  manila  line  is  a  distinct  ad- 
vantage. 

"The  early  use  of  balances  with  a  wire  line  is  especially  recommended 
where  drilling  jars  are  run.  The  quick  snap  given  the  tools  on  'catching* 
them  before  they  strike,  by  an  occasional  excess  of  motion  difficult  to 
avert,  often  causes  the  jars  to  break.  The  tendency  to  catch  the  tools  from 
an  excess  of  motion  with  the  wire  line  is  greater  with  a  'weak'  engine. 
Besides,  when  using  a  wire  cable  it  is  necessary  for  the  driller  to  follow 
more  closely  the  jar  observed  at  the  surface.  The  lack  of  stretch  in  the 
wire  line,  if  the  drilling  is  'good,'  requires  more  constant  letting  out  of  the 
screw. 

"The  'reach'  and  'take  up'  of  a  manila  cable  makes  the  striking  of 
bottom  possible  with  such  a  cable  long  after  the  bottom  would  have  'faded' 
before  the  stroke  of  the  tools  on  a  wire  line.  The  'reach'  of  the  manila 
cable  is  easily  described  by  what  the  older  drillers  call  'lift.'  For  example 
the  tools  would  be  running  'loose'  and  permitted  to  'pound.'  As  the  tools 
'drilled  off'  and  commenced  to  'reach'  a  noticeable  'lift'  could  be  observed 
after  the  jar  was  received  at  the  surface.  This  lift  would  feel  much  as  if 
the  handlebar  of  the  screw  had  exceeded  the  usual  height,  which  in  reality 
could  not  occur.  As  this  lift  is  a  demand  for  'screw,'  if  screw  is  withheld 
there  will  be  a  slight  pause  in  the  motion,  soon  followed  by  the  engine's 
being  'off  its  feet,*  thus  compelling  screw. 

"Xift'  is  explained  as  follows:  As  the  tools  begin  to  'reach'  on  the  down- 
ward strolce  the  cable  lets  out.  When  the  tools  strike,  the  elasticity  in  the 
manila  cable  causes  a  "taking  up"  of  stretch  at  the  reaction  of  the  tools. 
Drillers  contend  that  this  'taking  up'  of  cable  stretch  is  in  reality  what  is 
felt  at  the  surface  as  lift. 

"With  the  wire  line,  except  at  great  depths,  the  nearest  parallel  to  the 
lift  of  a  manila  cable  in  a  dry  hole  is  *peg-legging*  (alternate  hitting  and 
missing  of  the  tools).  Tools  will  peg-leg  with  the  wire  line,  but  should  not 
be  permitted  to  do  so  in  a  dry  hole  under  ordinary  conditions. 

"If  the  motion  is  normal,  when  the  tools  'drill  off'  they  will  peg-leg; 
this  is  a  demand  for  screw.  Peg-legging  can  also  be  caused  by  a  lack  of 
motion.     If  there   were  more   reach   to   a  wire   line,  the   tools  would   not 
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peg-leg  so  readily.     An  excess  of  motion  when  tools  are  peg-legging  will 
result  in  catching  of  the  tools,  with  danger  of  breaking  the  jars. 

"Both  lift  and  peg-legging  are  to  a  great  extent  dependent  upon  depth. 
Lift  is  seldom  discernible  above  500  feet.  Tools  do  not  easily  peg-leg  above 
300  feet  under  correctly  applied  motion. 

"Many  drillers  contend  that  there  is  little  to  the  mastery  of  motion  with 
the  wire  line.  As  a  rule  such  men,  owing  to  long  experience,  regulate  the 
motion  automatically.  Wire-line  drilling,  however,  requires  the  same  mas- 
tery of  motion — perhaps  more  easily  acquired — as  the  manila  line. 

"The  most  common  error  of  the  novice  with  the  wire  line  is  the  catch- 
ing of  the  tools.  This  is  also  a  common  error  of  drillers  accustomed  to 
using  a  manila  line  and  to  the  solid  jar  of  the  tools  in  a  formation  that 
stands  up,  when  they  change  to  soft  and  wet  hole  drilling  in  wire-line 
territory.  They  often  mistake  the  catching  of  the  tools  for  the  solid  jar 
they  seek  and  to  which  they  are  accustomed,  with  the  result  that  they  'jack' 
the  line  or  break  the  jars,  or,  in  the  event  of  no  accident,  fail  to  make 
progress  until  they  have  fathomed  the  trouble. 

"The  types  of  formation  that  a  driller  must  combat  vary  so  greatly  that 
it  is  impossible  to  give  hard  and  fast  rules  for  his  guidance.  In  'mud  coun- 
tries'— on  the  assumption  that  a  wire  line  is  always  used  where  mud  and 
water  are  encountered — it  is  advisable  to  hold  the  tools  up.  Some  forma- 
tions are  such  that  when  a  distinct  jar  is  noticeable  further  progress,  without 
bailing,  is  impossible,  as  this  jar  indicates  that  the  tools  have  started  to 
'load  up.'  With  continued  running  the  jarring  becomes  more  noticeable, 
but  the  tools  are  making  no  headway. 

"Where  sticky  blue  shale  is  encountered  and  the  tools  tend  to  stick  with 
every  revolution  of  the  engine,  keeping  the  motion  as  rapid  as  can  be  safely 
carried  will  be  found  of  assistance.  Drilling  through  a  formation  of  this 
type  is  necessarily  hard  on  equipment  and  timidity  becomes  a  greater  fault 
than  boldness. 

"A  false  jar  often  occurs  in  cleaning  out  muddy  and  caving  holes.  As 
this  jar  occurs  on  the  down  stroke,  it  is  probably  caused  by  the  motion 
exceeding  the  drop  of  the  tools  for  an  instant;  the  tools  are  momentarily 
retarded  with  mud,  but  regain  sufficient  velocity  to  keep  pace  with  the 
engine.  No  attention,  within  reasonable  limits,  should  be  paid  to  such  jar- 
ring, because  if  the  motion  is  slowed  up  to  conform  to  the  drop  of  the  tools 
and  the  jar  thus  eliminated,  the  velocity  of  the  tools  is  so  retarded  that 
they  merely  slide  up  and  down  in  the  mud  and  water  without  doing  work. 
Therefore,  it  is  essential  to  carry  sufficient  motion  to  mix  the  mud  with 
water  and  to  prevent  the  tools  from  loadin^r  up." 

Use  of  jars.  Drilling  and  fishing. — "Drilling  jars  are  of  short  stroke 
and  are  run  above  the  stem.  They  are  always  used  extended  in  drilling, 
and  their  chief  purpose  is  to  aid  in  'switching'  tools  loose  when  the  tools  are 
stuck.  As  the  weight  above  that  part  of  the  drilling  jars  which  receives 
the  blow,  is  usually  only  that  of  the  rope  socket  and  the  upper  half  of  the 
jars,  and  as  the  stroke  of  the  jars  is  only  a  matter  of  a  few  inches — 4  to  12 
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inches,  as  a  rule — a  very  strong  blow  can  not  be  expected  from  their  use. 

"Fishing  jars  are  run  on  the  bottom  of  the  stem.  Their  usual  stroke  is 
36  or  48  inches,  aithough  nearly  any  length  of  stroke  is  obtainable.  The 
force  of  the  blow  obtained  by  the  use  of  fishing  jars  is  governed  by  hitch, 
stroke,  weight  of  stem,  and  motion. 

"In  fishing  where  'jarring'  is  expected  the  engine  should  be  balanced 
except  at  very  shallow  depths.  This  will  insure  the  engine  having  enough 
driving  power  to  do  its  work  under  any  sudden  increase  of  load.  In  'jarring 
up,*  a  'weak'  engine  results  in  the  belt  slipping  or  being  thrown  when  the 
h<*ain  'turns  over'  before  the  'hitch'  has  been  regulated  by  the  screw. 

"A  stem  of  suitable  size  and  weight  for  the  work  expected  should  be 
provided,  and  special  attention  should  be  given  to  the  pins  and  boxes  of  all 
tools.  The  wrist-pin  adjustment  in  the  crank  shaft  should  be  changed  to 
conform  with  the  stroke  of  the  jars  and  the  length  of  blow  desired.  Let 
it  now  be  assumed  that  the  fishing  tool  has  taken  hold  of  a  stationary  object 
at  the  bottom  of  the  hole  and  that  it  is  desired  to  jar  up.  The  'hitch'  is 
obtained  by  raising  the  tools  with  the  bull  ropes  until  the  jars  strike  up. 
Then  a  hitchstring  is  tied  to  the  cable  at  a  point  even  with  the  top  of  the 
hole;  the  tools  are  backed  slowly  down  the  hole  a  few  feet;  the  engine  is 
reversed,  and  the  tools  started  quickly  upward.  When  the  string  appears 
at  the  surface,  the  bull  ropes  are  thrown.  A  few  inches  of  slack  is  then 
run  into  the  hole,  care  being  taken*  not  to  run  in  enough  slack  to  permit 
the  jars  to  strike  downward  upon  the  'turnover'  of  the  beam  after  clamping 
on,  then  clamp  on,  'rock'  the  engine  to  ascertain  whether  enough  slack  has 
been  provided  to  prevent  too  great  a  line  tension  on  the  rig,  regulate  the 
'hitch' with  the  screw  satisfactorily,  and  start  the  beam  to  turning  over.  The 
screw  is  regulated  until  the  'jar*  received  at  the  surface  is  satisfactory;  from 
then  on  the  force  of  the  blow  is  governed  by  regulating  the  motion  of  the 
engine. 

"To  'drive'  or  jar  down,  follow  the  same  procedure  as  in  jarring  up, 
with  the  following  exceptions:  In  taking  the  'hitch,*  ascertain  at  what 
point  the  jars  strike  down,  instead  of  up;  tie  a  string  onto  the  cable  when  it 
is  even  with  the  top  of  the  hole  when  the  'down'  contact  of  the  jars  is 
received;  then  clamp  on  at  this  point. 

"In  driving  down  if  the  hitch  has  been  judged  accurately,  the  'jar'  will 
be  received  at  the  .surface  almost  simultaneously  with  the  impact  of  the 
jars  at  the  bottom  of  the  hole.  If  after  the  'jar'  is  received  at  the  surface 
the  driller  observes  that  several  inches  of  cable  travel  into  the  hole  before 
the  down  stroke  is  completed,  he  can  judge  that  the  hitch  is  as  about  an 
equal  distance  'loose'." 

Use  of  bailer  tti  cable  drilling. — After  drilling  4  or  5  feet,  or  until 

the  tools  begin  to  "stick/'  the  tools  are  withdrawn  from  the  hole 

;»fter  disconnecting  the  temper  screw  and  removing  the  pitman  from 

the  crank.     The  removal  of  the  tools  is  accomplished  by  "throwing 

on"  the  bull  ropes  which  drive  the  bull  wheel  from  the  band  wheel. 
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The  rotation  of  the  bull  wheel  winds  up  the  drilling  cable.  The  bail- 
er is  then  run  into  the  hole  and  the  cuttings  are  bailed  out.  Sufficient 
water  is  then  lowered  into  the  hole  for  the  proper  mixing  up  of  the 
cuttings.  Then  a  sharp  bit  is  put  on  the  string  of  drilling  tools,  if 
needed ;  the  tools  are  lowered  into  the  hole  and  drilling  is  resumed. 

Drilling  With  Cabl^  Tools  In  Soft  Sands* 

Cable  system  generally  used  in  wildcatting. — Good  practice  de- 
mands that  cable  tools  be  used  on  any  test  well  in  an  unknown  or 
wildcat  district.  If  the  approximate  depth  of  the  stratum  which  is 
thought  to  be  oil-bearing  is  known,  or  if  the  depth  is  decided  by 
contract  with  the  landowners,  a  standard  or  calf-wheel  rig  is  erected 
of  a  size  and  type  commensurate  with  that  depth  and  drilling  com- 
menced with  cable  tools.  If  the  territory  proves  to  be  suitable  for 
cable  tool  work  and  stands  up,  the  well  progresses  satisfactorily 
and  rapidly  as  a  rule  but  if  caving  and  unconsolidated  sands  are 
encountered,  complications  surely  follow.  These  unforseen  con- 
tingencies will  be  treated  briefly. 

Freeing  frozen  casing. — ^The  8>4-inch  casing  is  frozen.  The 
first  thing  to  be  done  is  to  attempt  freeing  it.  Alternate  pulling  and 
driving  may  accomplish  this.  The  power  of  a  calf  wheel  applied 
through  seven  lines  to  the  heavy  casing  block  is  tremendous  and  an 
expert  driller  knows  just  the  amount  of  stretch  the  casing  will  with- 
stand before  parting.  If  it  comes  an  inch  or  two  the  drive  clamps 
are  adjusted  on  the  square  of  the  stem  and  the  casing  driven  back 
to  its  former  position,  when  it  is  again  pulled,  possibly  yielding  an 
additional  inch.  The  principal  thing  is  to  cause  it  to  move  even 
slightly,  as  it  is  sure  ultimately  to  become  free  by  this  method.  It 
is  well  to  apply  the  casing  tongs  after  each  pull  or  two  and  set  up 
the  entire  string  a  trifle.  This  tightens  any  threads  that  may  have 
become  loose. 

It  frequently  happens  that  the  alternate  pulling  and  driving 
method  proves  futile.  The  casing  refuses  to  move  an  inch.  In 
this  event  other  methods  arc  at  the  command  of  the  engineer.  One 
that  is  often  successful  and  is  not  commonly  known  is  to  relieve  the 
static  pressure  within  the  casing,  it  being  presupposed  that  the  hole 
is  full  or  nearly  full  of  fluid,  and  allow  the  sand  to  heave  within  the 
drilling  string.     It  is  seldom  necessary  to  bail  more  than  300  or  400 


*Wm.  Kobbe  in  Trans.  American   Institute  of  Mining  Engineers,  Vol.  LVI,  p.  799. 
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feet  of  fluid  from  the  well  in  order  to  so  disturb  the  balance  of 
pressures  that  a  sudden  upheaval  of  the  oil  sand  takes  place.  Fol- 
lowing this  upheaval  the  driller  tries  the  casing  and  if  it  is  free, 
which  is  nearly  always  the  case,  the  hole  is  cleaned  out  to  bottom 
and  drilling  resumed. 

It  sometimes  happens  on  account  of  insufficient  pressure  in  the 
sand,  or  from  other  causes,  that  the  sand  fails  to  heave  when  the 
static  pressure  is  reduced.  In  that  event  a  casing  spear,  preferably 
of  the  trip  type,  is  run  to  bottom  on  the  tools  and  engaged  near  the 
shoe,  with  long  stroke  jars  and  sinker  bar  or  stem  giving  necessary 
impact  to  the  jars.  A  strong  pull  is  then  taken  with  hydraulic 
jacks  applied  to  the  casing  by  means  of  a  spider,  while  jarring  is 
commenced  on  the  tools.  This  method  will  free  exceedingly  tight 
casing.  A  nail  may  often  be  driven  out  when  it  cannot  be  pulled. 
The  jarring  of  casing  is  exactly  similar. 

If  this  method  fails  to  free  the  casing,  a  spear  may  be  run  on  a 
string  of  the  next  smaller  size  casing  and  a  hold  secured  near  the 
bottom  of  the  frozen  pipe.  A  heavy  pull  is  then  taken  on  both 
strings  of  casing  while  jarring  is  commenced  with  the  tools  which 
carry  long  stroke  jars  and  a  casing  spear  as  described  in  the  pre- 
vious method.  In  fact,  the  two  methods  differ  only  in  that  a  much 
stronger,  pull  can  be  taken  on  the  tw^o  strings  of  casing  than  on  the 
one ;  in  other  words,  the  pull  is  doubled. 

In  rare  cases  it  happens  that  the  unconsolidated  sand  holds  the 
casing  in  such  a  grip  that  even  this  tremendous  pulling  force  and 
the  heavy  jarring,  which  may  be  likened  to  the  blows  of  a  steam 
hammer,  fail  to  free  it.  As  a  last  resort  the  casing  may  be  split  in 
several  places  to  allow  the  binding  sand  to  run  into  the  well.  To 
accomplish  this  a  casing  ripper  is  run  in  on  the  tools  and  several 
long  gashes  cut  in  the  casing  at  a  point  where  it  is  thought  the 
maximum  "friction"  exists.  If  this  results  in  the  entry  of  sand  it 
will  nearly  always  free  the  string. 

In  the  event  that  all  these  attempts  fail  and  it  is  impossible  to 
free  the  casing,  two  methods  of  overcoming  the  difficulty  remain. 
A  4-wheel  casing  cutter  may  be  run  in  on  3-inch  tubing  and  the 
casing  cut  at  a  point  just  above  where  it  is  frozen.  The  upper 
portion  of  the  string  is  then  removed  from  the  well,  a  new  shoe 
adjusted  and  the  joints  imbedded  in  the  sand  "side-tracked"  or 
drilled  past.     This  is  slow  and  difficult  work  and  not  always  sue- 
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cessful.  Some  operators  shoot  the  casing  instead  of  cutting  it.  A 
small  charge  of  dynamite  is  exploded  at  the  point  where  the  casing 
is  frozen,  but  this  results  in  jagged  ends  at  the  place  of  rupture, 
making  the  casing  more  difficult  to  side-track.  It  is  a  quick  and 
inexpensive  method  but  cannot  be  considered  good  practice  in  many 
cases. 

If  it  is  not  desired  to  cut  or  shoot  the  frozen  string,  the  only 
thing  to  be  done  is  to  abandon  it  and  case  with  the  next  smaller 
size  pipe.  This  is  permissible  providing  the  frozen  string  is  of  such 
a  size,  say  8J4  or  65^  inches,  that  the  well  may  be  completed  to  the 
required  depth  before  "pointing  out." 

Loose  oil  sand  under  pressure  often  heaves  in  a  cable  tool  drill- 
ing well  when  the  bit  drills  through  the  cover  rock,  and  unless  the 
driller  is  warned  in  time  the  tools  are  buried  for  many  feet  by  the 
sand.  In  certain  of  the  California  fields  the  oil  sand  has  often  buried 
a  string  of  tools  300  feet  or  more  and  frequently  led  to  a  bad 
fishing  job.  Whenever  such  sands  are  anticipated  the  experienced 
driller  "carries"  the  hole  full  of  water  or  thin  mud  slip  in  order  to 
counterbalance  the  rock  pressure.  The  jars  and  sinker  bar  are  also 
used  on  the  tools  so  that  in  case  of  a  sand  heave  they  may  be  jarred 
free.  It  is  sometimes  necessary  to  jar  the  tools  through  100  feet 
or  more  of  oil  sand,  which  requires  possibly  12  to  24  hours.  If  the 
wire  drilling  line  parts  a  bad  fishing  job  is  apt  to  result  and  it  may 
be  necessary  to  pull  the  casing  (if  it  is  free)  in  order  to  recover  the 
tools.  Or  if  it  is  frozen  a  "fishing  string"  is.  run  in,  after  cleaning- 
out  to  the  top  of  the  lost  tools,  and  an  attempt  made  to  recover  them 
with  a  socket  or  other  special  fishing  tool.  This  is  simply  an  ex- 
ample of  one  of  the  many  fishing  jobs  of  endless  variety  that  m?Ly 
occur  from  the  heaving  of  unconsolidated  oil  sand.  These  same 
remarks  apply  with  equal  force  to  conditions  arising  from  the  pene- 
tration of  any  unconsolidated  sand  or  other  material  of  a  cavey 
nature  which  may  freeze  casing  or  bury  cable  tools. 

Rules  governing  the  drilling  of  deep  test  wells. — A  few  general 
rules  and  cautions  governing  the  drilling  deep  test  wells  in  wildcat 
territory  where  unconsolidated  sands  are  expected,  follow : 

1.  Allow  a  wide  margin  above  the  calculated  cost  of  the  well. 

2.  Commence  drilling  with  a  sufficiently  large  hole,  20  to  22  inches  for 
a  deep  test. 

3.  Do  not  expect  a  light  rig  for  shallow  territory  to  drill  a  deep  test. 
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4.  In  remote  districts  have  all  the  casing  on  the  ground  and  an  adequate 
dUpply  of  small  tools,  pipe  and  fittings. 

5.  Have  a  rope  grab,  combination  socket  and  other  frequently  needed 
tishing  tools  available  for  instant  use. 

6.  After  selecting  the  site  for  the  rig,  have  a  cellar  dug  about  8  by 
10  feet  by  at  least  15  or  20  feet  deep.     The  depth  is  important. 

7.  Provide  an  adequate  supply  of  the  best  obtainable  water  for  steam- 
ing purposes. 

8.  Anticipate  heavy  oil  or  gas  pressure  and  have  a  control  casing  head- 
on  hand  if  occasion  arises  for  its  use  to  cap  the  well. 

9.  Locate  a  deposit  of  fine  clay  for  use  in  mixing  mud  slip  to  shut  off 
pressures  or  to  use  while  drilling  in  unconsolidated  sands  that  refuse  to 
bail  readily. 

10.  If  the  well  is  to  be  drilled  by  a  contractor  at  so  much  per  foot,  do 
not  expect  sands  tested,  water  shut  off,  and  logs  kept  as  carefully  and 
efficiently  as  would  otherwise  be  done.  Many  important  features  of  the 
work  are  slighted  and  the  time  required  for  their  proper  accomplished  sac- 
rificed in  the  effort  to  make  the  maximum  amount  of  hole  in  the  minimum 
time., 

11.  Carry  every  string  of  casing  to  the  maximum  depth  possible  and 
never  abandon  the  effort  until  every  means  at  the  command  of  the  operator 
has  been  exhausted  in  the  attempt. 

12.  The  management  of  the  work,  selection  of  methods,  etc.,  should 
not  be  left  to  the  drillers  but  placed  in  the  hands  of  a  competent  superin- 
tendent. 

13  Keep  a  most  careful  and  accurate  log  of  the  well,  preferably  in 
several  copies  in  order  that  if  one  is  lost  the  record  may  be  preserved. 

Taking  up  some  of  these  points  in  more  detail :  In  allowing  for 
the  cost  of  a  test  well  in  wildcat  territory  a  safe  rule  to  follow  is  to 
figure  the  actual  cost  as  accurately  as  possible  and  multiply  this 

figure  by  two.     How  many  wells  are  reported  as  "abandoned  for 

lack  of  funds?"     It  is  safe  to  sav  that  unconsolidated  sands  or 

other  cavey  materials  are  responsible  for  a  large  percentage  of  the 

failures  and  for  most  of  the  difficulties,  discouragements  and  delays 

in  the  drilling  of  test  wells.     Many  wells  that  "ought  not  to  cost 

$15,000"  actually  require  the  expenditure  of  $25,000  to  $30,000  for 

their  completion.     Much  larger  amounts  are  not  at  all  unusual  and 

it  is  well  to  keep  in  mind  that  figuring  the  cost  of  a  test  well  in  a 

wildcat  district  is  a  good  deal  like  provisioning  an  exploring  party 

to  penetrate  unknown  wilds — emergencies  must  be  anticipated  in 

both  cases. 

The  importance  of  commencing  the  well  or  "spudding  in"  with 

a  sufficiently  large  hole  cannot  be  overestimated.     In  order  to  reach 
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the  desired  depth,  whether  2500  or  4000  feet,  it  is  imperative  to 
make  the  size  of  the  hole  at  the  surface  commensurate  with  the 
depth.  In  the  soft  Tertiary  formations  of  California  and  in  the 
Baku  fields  of  Russia  it  is  found  advantageous  to  use  large-diameter 
stovepipe  casing  for  the  first  few  hundred  feet,  especially  .where 
beds  of  boulders  are  encountered.  This  type  of  casing  is  made  by 
riveting  sheet  iron  or  steel  of  14  to  10  United  States  gage  and  may 
be  purchased  in  lengths  of  2  feet  or  multiples  of  2  up  to  20  feet,  the 
shorter  lengths  being  used  when  progress  with  the  string  becomes 
slow.  In  the  Russian  fields,  wells  are  commenced  with  holes  of 
extremely  large  diameter,  not  on  account  of  any  extraordinary  depth 
but  in  order  to  complete  a  well  in  the  pay  sand  of  sufficient  di- 
ameter to  permit  the  use  of  large-sized  bailers.  The  method  used 
in  that  country  to  bring  the  oil  to  the  surface,  because  the  excessive 
amount  of  unconsolidated  sand  precludes  the  use  of  pumps.  The 
usual  sizes  of  the  California  stovepipe  casing  are  16,  18  and  20 
inches,  and  if  500  to  700  feet  of  the  18-inch  size  can  be  put  in  a  well 
the  operator  has  a  good  beginning  for  a  deep  test  in  unconsolidated 
formations.  A  great  advantage  possessed  by  this  type  of  casing  is. 
the  absence  of  collars  with  a  consequent  reduction  in  friction,  mak- 
ing it  especially  suited  for  driving  through  strata  of  unconsolidated 
sands.  Its  use  will  probably  extend  to  Oklahoma  and  the  Mid- 
Continent  fields  as  development  extends  westward  into  deeper  ter- 
ritory possessing  all  the  problems  arising  from  the  presence  of  un- 
consolidated sands  or  other  strata  of  loose  materials.  Many  test 
wells  have  been  and  are  being  drilled  in  the  Permian  ked  Beds  oi 
Western  Oklahoma  and  the  occurence  of  deep  deposits  of  uncon- 
solidated materials  in  this  region  is  gradually  bringing  about  im- 
proved drilling  methods  and  the  introduction  of  more  efficient  me- 
chanical devices.  For  the  same  reason,  operators  accustomed  to 
the  hard  strata  of  the  Eastern  fields  where  casing  problems  are  of 
small  importance  are  realizing  the  necessity  of  large-diameter  holes 
and  the  use  of  heavy-weight  pipe  with  improved  methods  of  hand- 
ling it.  Commencing  a  test  well  with  too  small  a  diameter  means 
that  it  "points  out"  before  it  "tests"  anything.  In  Pottawatomie 
County,  Oklahoma,  a  typical  wildcat  section,  are  many  abandoned 
"test"  wells  that  pointed  out  before  a  depth  of  2500  feet  was 
reached,  although  it  was  known  that  if  oil  occurs  it  would  be  found 
at  3000  feet  or  more.     These  failures  were  all  due  to  the  fact  that 
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the  holes  were  commenced  with  diameters  too  small  and  that  the 
presence  of  unconsolidated  sands  was  not  taken  into  account 
These  sands  necessitated  the  use  of  a  greater  number  of  string  of 
casing  which  in  turn  causedi  the  well  to  point  out  sooner  than  would 
have  been  the  case  had  it  been  commenced  with  a  hole  of  larger 
diameter.  "It  may  be  said  in  conclusion  that  in  drilling  in  wildcat 
territory  where  the  number  of  water  and  gas  sands  is  unknown  and 
the  depth  of  the  oil  sand  uncertain,  and  therefore  the  ultimate  depth 
of  the  hole  cannot  be  known,  one  must  start  with  a  larger  size  of 
casing  than  that  which  will  probably  be  used  for  later  wells  when 
the  field  is  developed.  Pioneer  wells  have  been  drilled  in  some 
pools,  which  failed  to  discover  oil  because  the  hole  was  so  small  it 
could  not  be  carried  deep  enough  to  penetrate  the  sand  which  was 
later  discovered  to  be  the  main  oil  pay,  perhaps  only  a  few  feet  be- 
yond where  the  early  well  stopped  drilling.  Wells  in  the  Calgary 
district  in  Alberta  are  started  with  18-inch  casing.  In  California 
even  larger  casing  has  been  used." 

Probably  the  best  type  of  rig  for  handling  heavy  strings  of 
casing  in  unconsolidated  sands  is  the  California  or  calf-wheel  with 
sprocket  drive  and  extra  heavy  rig  irons.  A  light  standard  rig  such 
as  is  commonly  used  in  the  Eastern  fields  and  parts  of  Oklahoma  is 
sufficiently  strong  to  handle  light-weight  strings  of  casing  through 
consolidated  formations  but  is  totally  inadequate  for  the  heavy  pulls 
required  to  free  long  strings  of  California  pipe  in  contact  with 
several  hundred  feet  of  unconsolidated  sands.  For  the  heaviest 
work,  iron  or  oak  calf  and  bull-wheel  shafts  are  required,  and"  con- 
crete foundations  for  the  derrick.  The  usual  practice  of  placing  a 
few  pieces  of  waste  lumber  under  each  derrick  leg  as  foundations 
should  not  be  countenanced,  especially  where  the  casing  may  have 
to  be  carried  through  cavey  material  with  the  consequent  heavy 
strains  which  inevitably  result  in  pulling  the  derrick  out  of  plumb. 

A  feature  connected  with  cable-tool  drilling  in  unconsolidated 
sands  which  many  operators,  accustomed  to  hard  formations,  over- 
look, is  the  importance  and  advantage  of  an  adequate  cellar.  When 
a  string  of  casing  is  being  carried  through  sands  or  other  cavey 
material  it  has  to  be  "worked"  almost  continually  and  sometimes 
freezes  while  one  "screw"  is  being  run.  It  is  difficult  or  impossible 
to  make  any  hole  ahead  of  the  shoe  and  frequently  the  casing  is 
allowed  to  "follow ;"  that  is,  it  is  released  from  the  spider  slips  and 
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follows  the  drilling  bit  of  its  own  weight.  If  it  refuses  to  follow  it 
is  worked  up  and  down  with  the  casing  block  and  calf  wheel  an<l 
sometimes  spudded  with  a  jerk-line  or  driven  with  the  drive  clamps 
and  tools.  In  all  of  these  operations  a  deep  cellar  is  of  the  greatest 
advantage  because  it  allows  the  driller  to  work  the  casing  below  the 
derrick  floor  until  there  is  sufficient  clearance  for  another  joint  to 
be  screwed  on.  Casing  averages  about  20  feet  to  the  joint,  hence 
a  cellar  of  approximately  that  depth  is  most  desirable,  although  15 
or  18  feet  is  a  great  improvement  on  the  inadequate  and  shallow 
pits  commonly  placed  under  derricks  in  regions  where  the  problem 
of  unconsolidated  sands  is  unknown  or  underestimated. 

Finishing  a  well  in  unconsolidated  sands. — The  process  of  fin- 
ishing a  well  in  an  unconsolidated  pay  sand  is  quite  different  from 
the  "bringing  in"  of  a  well  tapping  a  hard  sand.  It  sometimes  re- 
quires weeks  to  penetrate  a  thick  stratum  of  loose  pay  sand  with 
cable  tools,  whereas  the  "drilling  in"  and  "shooting"  of  a  hard  sand 
is  a  much  simpler  process.  Where  the  sand,  whether  loose  or  hard, 
is  under  great  pressure  and  the  well  "comes  in"  as  a  gusher  or  flow- 
ing well  as  soon  as  the  sand  is  tapped,  the  results  are  exactly  sim- 
ilar except  that  the  well  in  the  unconsolidated  pay  is  apt  to  throw 
out  quantities  of  sand. 

The  finishing  of  a  well  with  cable  tools  in  a  very  thick  stratum 
of  unconsolidated  oil  pay  is  much  more  of  a  problem  than  where  a 
rotary  is  used.  The  ordinary  procedure,  especially  in  districts 
where  screen  pipe  has  never  been  tried  or  is  unknown,  is  to  carry 
the  casing,  of  the  size  the  hole  is  to  be  finished  with,  through  the 
oil  sand  and  then  perforate  it  with  a  perforating  machine.  It 
frequently  happens  that  the  string  freezes  after  penetrating  the 
sand  for  100  feet  or  less,  in  which  event  it  is  usual  to  place  an  iron 
or  wooden  heaving  plug  in  the  bottom  of  the  casing  and  then  per- 
forate. If  the  operator  is  fortunate  enough  to  carry  the  casing 
through  the  pay  it  can  be  landed  in  the  stratum  underlying  the 
sand,  which  obviates  the  use  of  a  heaving  plug,  the  only  function  of 
which  is  to  prevent  the  sand  heaving  inside  the  casing  and  over- 
whelming the  pump.  Irrespective  of  the  depth  of  sand  attained, 
the  use  of  the  perforator  is  necessary  with  this  method  and  is  its 
greatest  drawback,  mainly  on  account  of  the  uncertainty  of  the 
results  therefrom.  For  mechanical  reasons,  variation  in  the  thick- 
ness or  toughness  of  casing,  and  other  factors  beyond  the  control 
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of  the  operator,  the  use  of  a  perforating  machine  is  frequently  dis- 
appointing. If  the  well  comes  in  as  a  small  producer  there  is 
always  the  suspicion  that  the  perforator  failed  to  punch  a  sufficient 
number  of  holes,  whereas  if  the  casing  "sands  up"  and  the  well 
requires  constant  "pulling"  the  reverse  is  true.  Arnold  and  Gar- 
fias  mention  these  points  in  describing  methods  of  oil  recovery  in 
California:  "The  indiscriminate  use  of  perforating  machines  has 
been  the  source  of  much  trouble.  In  the  Coalinga  field  one  well 
about  1300  feet  deep  was  perforated  three  times,  and  when  the 
casing  was  removed  it  was  found  that,  except  for  a  few  holes,  the 
machine  had  only  indented  the  casing.  In  other  wells,  owing  to 
local  brittleness  of  the  casing.,  the  perforator  has  removed  large 
pieces  of  it ;  and  in  some  deep  wells,  owing  to  the  great  weight  of 
the  column  of  tubing  to  which  the  perforator  is  attached,  the  per- 
forator has  cut  into  or  strained  the  collars  so  as  to  cause  collapse 
of  the  casing." 

In  the  light  of  these  facts  and  of  past  experience  in  drilling  many 
w^ells  in  unconsolidated  oil  sands,  it  may  be  said  that  every  effort 
should  be  made  to  avoid  bringing  in  the  well  by  perforating  the 
casing  after  it  has  been  placed  in  the  hole.  As  a  substitute  for  such 
perforating  the  operator  may  use  screen  pipe  or  shop-perforated 
casing.  In  finishing  a  cable  tool  well  with  either  of  these  two  de- 
vices the  problems  involved  are  largely  or  entirely  dependent  upon 
the  thickness  of  the  unconsolidated  sand.  If  this  sand  is  a  thin 
bed,  50  feet  or  less  in  thickness,  there  is  usually  no  difficulty  in 
setting  any  type  of  screen  or  of  shop-perforated  casing,  but  where 
the  sand  is  250  to  300  feet  thick  many  obstables  may  be  encountered. 

The  ideal  method  of  finishing  a  cable  tool  well  in  a  very  thick 
stratum  of  loose  pay  sand  is  to  carry,  say,  SJ^-inch  casing  through 
the  pay  and  then  set  6%-inch  liner,  either  screen  or  shop-perfor- 
ated, preferably  the  former,  inside  this  8j4-inch  and  then  remove 
the  8j4-inch  casing,  leaving  the  liner  in  contact  with  the  oil  sands. 
This  is  very  difficult  to  accomplish,  however,  because  it  necessi- 
tates the  keeping  the  8J4-inch  free  at  all  times,  and  this  is  seldom 
possible.  In  fact,  it  may  freeze  beyond  all  power  of  freeing  while 
the  liner  is  being  set. 

It  well  may  be  asked,  why  not  carry  8j4-inch  screen  or  shop- 
perforated  pipe  through  the  sand  in  the  first  place  and  thus  save 
the  extra  labor  of  setting  a  liner  and  gain  the  advantage  of  com- 
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pleting  a  well  of  larger  diameter.  The  answer  is  that  it  is  much 
more  difficult  to  carry  perforated  than  blank  casing  through  un- 
consolidated sands  and  that  all  types  of  screen  pipe  possess  the 
same  objection.  In  addition,  certain  screens  are  not  made  to  with- 
stand such  work  and  are  easily  damaged,  necessitating  the  use 
of  a  conductor  casing  when  setting. 

Drilling  In  North  Texas. 

There  has  been  much  written  relative  to  the  producing  fields 
in  the  Pennsylvanian  area  of  North  Texas,  both  from  a  geological 
and  a  financial  standpoint,  but  next  to  nothing  has.  appeared 
in  print  relative  to  the  technical  side  of  this  industry.  Very 
few  people  are  aware  of  the  difficulties  that  arise  in  drilling 
in  this  country,  and  fewer  still  realize  what  the  cost  of  drill- 
ing really  is.  It  is  the  object  of  this  article  to  give  some  of  the  oper- 
ating details  concerned  with  the  drilling  and  bringing  in  of  wells 
in  the  North  Central  Texas  area.  This  will  include  the  current 
practice  in  such  fields  as  Desdemona,  Ranger,  Breckenridge  and 
Caddo,  as  of  June,  1919 ;  but  no  mention  will  be  made  here  of 
methods  of  operating  in  the  Burkburnett  area,  where  the'  practice 
differs  radically  from  that  in  the  above  mentioned  fields. 

Method  of  drilling  in  North  Central  Texas. — Men  from  all  parts 
of  the  United  States  are  working  in  North  Texas  both  as  drillers 
and  as  foremen  or  superintendents  in  charge  of  work.  This 
gives  rise  to  keen  rivalry  and  California  ideas  are  daily  being  pitted 
against  Oklahoma  and  Pennsylvania  ideas.  Out  of  this  melting 
pot  of  eastern,  northern  and  western  methods  some  very  efficient 
ways  of  doing  things  are  being  developed. 

The  standard  cable  tool  system  of  drilling  is  universally  used 
in  the  area  under  consideration  (Ranger,  Desdemona,  Brecken- 
ridge, Caddo  and  adjoining  territory).  The  rotary  system  of  drill- 
ing has  been  tried  out  at  Desdemona,  Brownwood,  Moran,  and  in 
one  or  two  other  places  but  with  only  indifferent  success. 

Tools  needed  for  drilling  in  North  Texas. — Wells  to  be  drilled 
to  a  depth  in  excess  of  3500  feet  in  North  Texas  are  now  starting 
with  a  22-inch  hole  and  setting  some  20-inch  pipe.  This  requires 
20-inch  bits  and  means  that  large  tool  joints  will  be  needed  to  stand 
the  vibration.  In  the  early  days  of  the  development  small  joints 
were  used  on  large  bits  and  many  pins  were  "jumped"  as  a  con- 
sequence. The  writer  remembers,  in  the  early  days  of  Ranger, 
seeing  over  50  auger  stems  laying  outside  a  certain  tool  company's 
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shop    with .  battered    boxes,    and    50    bits    stacked    nearby    with 
"jumped"  pins. 

The  standard  tool  joint  in  use  in  North  Texas  on  large  bits  is 
the  4x5  inch  joint,  threaded  7  threads  per  inch,  I.  &  H.  This  is 
used  on  bits  from  20-inch  to  10-inch  in  size.  Of  course,  due  to  in- 
experience, pins  will  be  "jumped"  using  this  large  size  joint.    How- 


fig.  30— DEEP  WELL  DRILLED  WITHOUT  DERRICK 
Derricks  ind  slindard  rigs  ar«  not  ibsolulrly  ii«c«533ry  in  Ihc  drillmg  of 
dwp   wells.      This   veil    was  drilled   lo  3980   feel    with  a    No,   30   Slar  drilling 
Stephens  Couni)',  Ttxa.     Near  Mirernl  Wells,  Te-as,  Owens  &  Wilson  drillei 


ever,  if  care  is  used  in  dressing  to  see  that  the  bit  is  moon-faced 
just  a  little  and  care  is  exercised  in  running  to  see  that  the  driller 
does  not  "hitch  too  loose,"  very  few  pins  will  be  broken. 

The  8J4-inch  and  6fii-inch  bits  use  a  2^^x354  pin,  7  threads, 
1.  &  H. ;  and  the  5  3-16-inch  bits  use  a  2x3-inch  joint,  7  threads 
I.  &  H.  All  bits  should  be  of  the  Mother  Hubbard  pattern.  The 
familiar  hotlle-necked  bit  of  California  will  sooner  or  later  get  the 
driller  in  trouble  in  North  Texas  when  he  gets  "mudded  up." 

It  is  getting  to  be  quite  the  practice  in  North  Texas  to  use  a 
5^-inchx30-foot  auger  stem  with  a  4x5-inch  box  and  'i]/^x.-i%  pin 
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This  permits  using  Qyi-'mch  drilling  jars  with  3J4x4j4-i.nch  box  and 
pin,  which  is  heavy  enough.  Some  operators  use  jars  with  2^4x3^4 
joints  in  the  "big"  hole. 

All  fishing  and  underreaming  tools  in  North  Texas  for  6^-inch 

and  larger  diameter  hole  have  2fix3j4-inch  joints,  7  threads  I.  &  H. 

In  most  all  of  the  fields  10-inch  and  8J4-ir»ch  casing  are  under- 
reamed,  so  it  is  very  customary  to  furnish  underreamers  of  these 
sizes  with  the  tools. 

Herewith  is  given  a  complete  list  of  tools  that  will  be  needed 

to  drill  an  ordinary  well  in  North  Texas,  together  with  their  cost 

on  June  15, 1919: 

1 — 40  horsepower,   locomotive   type,   oil   country   boiler  with   guy 

wire,  stack  fittings  and  grate  bars $  1,450.00 

1— 12"xl2"    oil    country   drilling    engine    with    cross    head    pump,. 

heater  and  extra  balance  rims 545.00 

1 — 6"x4''x6''  general  service  duplex  pattern  steam  pump 250.00 

1 — 1  kilowatt  steam  turbine  driven  electric  generator 270.00 

l_-^''x4000'   6x19  crucible  steel   drilling  line 960.00 

1— 9-16''x4000'  6x7  steel  sand  line  at  10  cents 400.00 

l__j^''x750'    6x19   steel   casing   line 180.00 

l^W  6-plyx90'   stitched  rubber  drilling  belt 205.00 

2— 2^"x90'  manila  bull  ropes   55.00 

1 — Set  15}/^"  Fairs-Mamington  Csg.  Elevators 265.00 

1— Set  12^^"  Fairs-Mannington  Csg.  Elevators 190.00 

1 — Set  10"  Fairs-Mannington  Csg.  Elevators  180.00 

1 — Set  854"   Fairs-Mannington   Csg.   Elevators 160.00 

I — Set  6^"  Fairs-Mannington  Csg.  Elevators 117.00 

1 — Set  5  3-16"   Fairs-Mannijigton  Csg.   Elevators 85.00 

1—30"  three-sheave  casing  block— 1250  lbs 175.00 

1—5"  360-lb.  double  swivel  casing  hook 84.00 

1— 20"x5'   steel  drill  bit,  5"  square,  4"x5"  joint,  7  threads,  I  &  H 

weight  2400  lbs 408.00 

2— 18"x6'  drill  bits,  5"  square,  4"x5"  joint,  7  threads 748.00 

2— 151/4 "x7'  drill  bits,  5"  square,  4"x5"  joint,  7  threads 544.00 

2— 1254''x7'  drill  bits,  5"  square,  4"x5''  joint,  7  threads :  459.00 

2— 10"x7'  drill  bits,  5"  square,  4"x5"  joint,  7  threads 390.00 

2— 8^"x7'  drill  bits,  4"  square,  2^"x3^",  7  threads 232.00 

2r-6H''^7'  drill  bits,  4"  square,  2)4 "x3^",  7  threads 170.00 

2— 5"x7'  drill  bits,  3"  square,  Z'^xS^  7  threads 112.50 

2 — 554''x30'  Auger  Stems  with  4x5  box  and  3%k4]4  pin,  7  threads 

I  &  H,  5"  square 523.42 

2 — 4^"x30'    Auger   stems   with   2^x3^   box  and  pin,   7   threads, 

I   &  H  4"  square 290.00 

1— 3i/4"x30'  Auger  stem  with  2x3  box  and  pin,  7  threads,  I  &  H, 

3"   square    — 111.00 
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—Set  ej^^xS"  stroke  drilling  jars  with  3]4"x4^A''  box  and  pin,  7 

threads,   5"   square    135.90 

— Set  SYi^^W^"  stroke  drilling  jars  with  Z^ixZ^  box  and  pin,  7 

threads,  I  &  H,  4"  square 94.65 

— Set  A^A^xS"  stroke  drilling  jars  with  2x3  box  and  pin,  7  threads 

I  &  H,  3*  square "..... 85.00 

—Set   5^''x36''  stroke  fishing  jars  with  2>i''x3^"  box  and  pin, 

7  threads,  I  &  H,  4"  square 156.75 

—6^*    Prosser   swivel    socket   3^''x4K"   box,   7   threads,    I    &    H 

5"   square    85.00 

—654"  Babcock  socket,  same  joint  as  above 39.20 

— 554"  Prosser  swivel  socket  Z^^xiH"  box,  7  threads,  I  &  H 

4"   square 65.00 

— 55-4"  Babcock  stiff  socket,  joint  as  above 42.50 

— 45i*  Babcock  stiff  socket,  2x3  box,  7  threads,  I  &  H,  3"  square  16.50 

— 14'xl6'    Ball  and  Dart   Bailer 262.00 

— irx20'  Ball  and  Dart  Bailer  168.00 

— 8''x25'    Ball   and  Dart  Bailer 183.00 

— 7''x30'    Ball    and    Dart    Bailer 98.00 

— 554''x30'   Ball  and  Dart  Bailer 73.50 

— 45i''x30'  Ball  and  Dart  Bailer 45.50 

^22"   Bit  Gauge    5.75 

—18"   Bit  Gauge   5.0O 

—15^"  Bit   Gauge    4.5S 

—12^"  Bit  Gauge   '. . . .  3.85 

—10*   Bit  Gauge   3.36 

-rS^"  Bit  Gauge    2.80 

—6^*  Bit  Gauge   2.52 

—5  3-16*  Bit  Gauge    2.13 

— ^2''x7'    Oilwell    improved    temper    screw    with    "T"    head,    less 

clamps     126.00- 

— Set  machine  drilling  clamps  with  liners  for  H"  wire  line 80.00 

— Set  2"  inserted  temper  screw  slips 13.20 

— Set  5*  square  350-lb.  tool  wrenches  with  4"  liners 83.80 

— Set  3*  square  wrenches   45.00- 

— 4*x4''xl2'    derrick  crane 60.00 

— IJ^-ton    anti-friction    chain    hoist 70.00 

— Clevis  pulley  and  clevis    4.00 

— Wire  line  spudding  shoe  and  ring 17.00 

— Set  casing  wagons   40.00 

— No.  2  Barrett  jack  and  circle  complete 102.00- 

— ^300-lb.  bit  ram   60.00 

— Steel  derrick  forge   75.00 

— Oklahoma  pattern   steel    tool   box 75.00 

— Steel   slack  tub    , 60.00 

— ^300-lb.    combined   anvil    and   underreamer    lug    dressing   block 

for  10*  and  8^*  lugs   80.00* 
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1 — 15^4"  spider  and  slips  for  ISj^"  and  12^"  pipe  and  liner  and 

slips  for  10",  8i/i",  6H"  and  5  3-16"  pipe 520.00 

1 — Set  Santa  Fe  back-up  tongs 90.00 

1— Pair    Dunn    "B"    tongs    with    jaws    for    10",    854^    65^"    and 

5    3-16"   pipe 215.08 

Fishing  Tools: 
1—10"  slip  socket,  2^x3}i  pin,  7  threads  I  &  H,  4"  square,  7^* 

bore,  2  extra  sets  slips    255.00 

1—12}^"  bowl   for  above    25.50 

1-_15^"  bowl  for  same 34.50 

1 — 8"   slip   socket,  same   pin  and  thread  as  above  and  with  65^" 

bore,  2  extra  sets   slips    150.00 

1 — 6^"  combination  socket,  same  joint  as  above  and  equipped  with 

pin  and  socket  neck  slips   78.75 

1 — 8"  center  hole  spear  same  pin  as  above 60.90 

1—6%"   three-prong  grab    90.00 

1 — 6}4"  latch  jack,  same  pin  as  above 42.75 

1 — 6^"  steel  die  nipple,  male  and  female 26.12 

1 — Syi"  steel  die  nipple,  male  and  female 27.68 

1 — 10"  steel  die  nipple,  male  and  female 40.38 

1 — 125^"  steel  die  nipple,  male  and  female 73.68 

l_-854"   spud  with  2^"x3^"  pin 121.60 

1 — Acme   wire   rope  knife    185.00 

Underreamers : 

1 — 10"  Union  double  underreamer   525.00 

2 — Sets  cutters  for  above    179.00 

1 — 8J4"  Union  double  underreamer   448.50 

2 — Sets  cutters  for  above 142.50 

1 — 6^."  Swan  underreamer  with  two  sets  extra  cutters   307.75 

• 

Derrick  Tools  and  Appliances: 

1 — No.  4  Star  blower   32.35 

1 — No.  2  Barrett  swivel  wrench   40.00 

2 — 15"   combination   wrenches    4.40 

1 — 18"   combination   wrench    2.96 

1—18"   Trimo  wrench    ^    2.85 

2 — 14"  Trimo   wrenches    3.85 

2 — 24"  Trimo  wrenches    7.97 

6 — 36"  sledge  hammer  handles  1.76 

2 — 16-lb.  single  pein  sledge  hammers 2.56 

2 — Long  handled,  round-point  shovels   2.80 

1 — 7-point  hand  saw    1.90 

1—12"   ratchet  brace    250 

1— Set  54"  to  1"  auger  bits  3.80 

1 — Spirit   level    1.25 
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1 — 24"    carpenter's  steel  square    1.25 

4 — 1*    hand  cold  chisels    1.50 

2—1"    Cape  chisels    1.00 

1 — Pair  20"  S.   L.  blacksmith's  tongs .88 

1 — Pair  20"  C.  L.  blacksmith's  tongs .88 

2 — Germantown  rig  builder's  derrick  hatchets    3.00 

1 — Single  bit  axe   and  handle    2.50 

1 — 3-lb.  ball  pein  hammer  4.50 

1 — No,  lA  Toledo  stock  and  die  threads  1"  to  2"  pipe 24.00 

1 — No-  2  Barnes  three-wheel  pipe  cutter 4.00 

6^Kxtra  wheeels  for  above   , 1.20 

1 — No.  7  Little  Giant  screw  plate  set 34.00 

1 — No.  3  combination  bench  and  pipe  vise 50.00 

I—IO"  iron  snatch  block   12.00 

1 — No.  9  Star  hack  saw  frame 2.60 

1— ^Dozen  Star  hack  saw  blades   1.40 

I_^''xl8"x36"   ship   auger    3.75 

1— I''xl8"x36''   ship   auger    4.50 

1 — No.  2  Pratts  patent  auger  handle 2.25 

100— Lbs.  No.  4  babbitt   22.00 

1—6'*    babbitt   ladle    1.50 

25— Lbs.   1-16"   red  rubber  sheet  packing 15.00 

6—12"  M.  B.  files   3.00 

6—14"  F.  B.  files    5.20 

6 — 14"  half  round  files   6.45 

6—6"  S.  T.  files   1.40 

24—5"  hay  fork  pullies 19.20 

2— 4-lb.  hot  splitting  chisels   2.60 

2—24"   chisel   handles    1.00 

2 — 16-lb.  wedge-point  crow  bars   5.00 

1—100'   Rival  steel  tape   7.50 

1 — 3"   elliptic  flue  cleaner    2.70 

2 — No.  4  zinc  oilers   2.30 

1— 100-lb.  bale  of  white  waste  25.00 

4 — 5-lb.  cans  cup  grease   4.00 

1 — 50-lb.  can   common   tallow    10.00 

1 — Bbl.  steam  cylinder  oil   25.00 

1 — No.  33  portable  blacksmith  forge 36.00 

600 — Lbs.    blacksmith   coal    9.00 

30— Feet   ^"  link  log  chain   10.00 

1—12"  telegraph  wheel   ' 1.00 

1 — 150'   telegraph  cord   .75 

1— No.  14  Belt  punch    JS' 

3— Pairs   12"  belt  clamps    3.30 

80 — Feet  ^"  pipe  for  reverse  lever 4.50 

24—2"  malleable  ells    4.60 

24—1"  malleable  ells   8.6S 


70  PETROLEUM  PRODUCTION  METHODS 

24—2"  malleable   tees    10.04 

24— r   malleable   tees 10.04 

3d — 2"   assorted   nipples    6.40 

36 — 1"   assorted   nipples    3.00 

12 — y^*   assorted   nipples    1-33 

12—2"  plugs    1-58 

12— Each  Z\  V  and  V2"  lip  unions   40.95 

6— 2''xr    bushings .66 

6^2"  O.  C.  standard  flange  unions   10.56 

12— Each  2\  V  and  V2"  globe  valves  89.81 

6— Each  2"  and  V  stop  cocks   25.08 

400— Feet  2"  1200-lb.  test  line  pipe  88.00 

200— Feet  \"  black  merchant  pipe   24.96 

100 — Feet  yi"  black  merchant  pipe   6.52 

1 — Set   never  slips    7.00 

Grand  total    cost   complete  string   tools $16,604.54 

Drilling  North  Texas  formations. — The  Pennsylvanian  forma- 
tions of  North  Texas  present  no  difficult  problems  in  drilling. 
Very  few  cavey  formations  are  encountered  as  long  as  the  hole 
can  be  kept  dry.  When  water  sands  are  encountered  it  usually 
becomes  necessary  to  run  pipe  or  underream  the  last  string  of  pipe 
in  the  hole  through  the  water  sand.  A  surprising  amount  of  open 
hole  can  be  carried  as  long  as  water  is  kept  off  of  the  sides  of  the 
hole.  Near  Mineral  Wells,  in  Palo  Pinto  County,  Owens  and 
Wilson  drilled  their  No.  1  Oaks  to  4,550  feet  with  only  2,200  feet  of 
65^-inch  casing  in  the  hole,  making  a  total  of  2,350  feet  of  open 
hole.  This  example  is  rather  exceptional  but  it  is  considered  no 
feat  at  all  in  this  area  to  have  1000  to  1500  feet  of  open  hole  ahead 
of  the  pipe. 

When  water  sands  are  encountered  they  are  usually  drilled 
through  and  to  the  first  lime  shell  beyond.  The  casing  is  then 
landed  on  this  lime  shell.  The  water  is  usually  shut  off  with  but 
very  little  trouble  when  the  pipe  is  landed  in  this  manner.  It  is 
very  remarkable  to  a  person  coming  from  California  to  see  the 
ease  with  which  water  is  shut  off  in  Texas.  Cementing  and 
mudding-in  of  water  sands  seem  to  be  entirely  unnecessary. 

It  is  customary,  when  the  depth  to  the  producing  sand  is  known, 
to  land  a  string  of  casing  immediately  above  the  point  where  the 
production  is  expected.  This  string  of  pipe  cases  off  all  of  the 
open  hole  above  the  sand  and  it  is  very  desirable  to  do  this  when- 
•ever  possible. 
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The  tendency  in  North  Texas  up  until  lately  has  been  to  run 
entirely  too  long  strings  of  light-weight  pipe  in  the  wells.  As  a 
consequence  there  is  quite  a  good  deat  of  collapsed  pipe,  and  col- 
lapsed pipe  in  a  hole  presents  the  very  worst  type  ot  fishing  job. 

With  an  idea  of  showing  just  how  long  a  string  of  any  size  or 
"weight  casing  can  be  run  in  a  well  the  following  table  of  collapsible 
pressures  is  given : 

TABLE    SHOWING   THE   COLLAPSING    PRESSURE    OF 
LAP-WELDED   STEEL    CASING 


Size 
inches 

Weight 
per  ft. 
pounds 

Inside 
diameter 
inches 

Outside 
diameter 
inches 

Thick- 
ness 
inches 

Collapsing 
pressure 
lbs.  sq.  in. 

Equivalent 
water  col- 
umn in  ft. 

Using 

safety 

factor  2 

4y2 

15.0 

4.500 

5.000 

0.250 

2944 

6790 

3395 

5  3-16 

17.0 

4.892 

5.500 

0.304 

3404 

7840 

3920 

5  3-16 

20.0 

.4.780 

5.500 

0.360 

4285 

9870 

4935 

5^ 

20.0 

5.370 

6.000 

0.315 

3160 

7280 

3640 

6% 

20.0 

6.000 

6.625 

0.312 

2704 

6230 

3115 

26.0 

5.846 

6.625 

0.390 

3717 

8560 

4280 

28.0 

5.775 

6.625 

0.425 

4167 

9600 

4800 

6H 

20.0 

6.437 

7.000 

0.281 

2096 

4830 

2415 

24.0 

6.334 

7.000 

0.333 

2741 

6320 

3160 

26.0 

6.312 

7.000 

0.344 

2867 

6600 

3300 

28.0 

6.220 

7.000 

0.390 

3440 

7930 

3965 

7H 

26.0 

7.390 

8.000 

0.305 

1914 

4410 

2205 

sy4 

28,0 

8.015 

8.625 

0.305 

1680 

3870 

1935 

32.0 

7.935 

8.625 

0.345 

2080 

4790 

2395 

36.0 

7.875 

8.625 

0.375 

2383 

5490 

2745 

38.0 

7.765 

8.625 

0.430 

2928 

6750 

3375 

43.0 

7.625' 

8.625 

0.500 

3638 

8380 

4190 

9H 

33.0 

9.500 

10.000 

0.250 

780 

1800 

900 

10 

40.0 

10.000 

10.750 

0.375 

1638 

3770 

1885 

48.0 

9.850 

10.750 

0.450 

2234 

5150 

2575 

54.0 

9.750 

• 

10.750 

0.500 

2643 

6090 

3045 

11^ 

40.0 

11.437 

12.000 

0.281 

641 

1475 

737 

12^ 

40.0 

12.500 

13.000 

0.250 

402 

927 

463 

45.0 

12.360 

13.000 

0.320 

745 

1717 

858 

50.0 

12.250 

13.000 

0.375 

1109 

2560 

1280 

1354 

50.0 

13.250 

14.000 

0.375 

936 

2160 

1080 

15J4 

51.3 

15.416 

16.000 

0.292 

314 

724 

362 

Note — ^Thc  above  table  worked  out  on  the  following  formula: 

Where : 

t 

P^86670 1386=Collapsing  pressure  in  pounds  per  square  inch. 

d 
t  =  Thickness. 

d  =  Outside  diameter. 
the  size  of  pipe  in  bold  faced  type  in  the  above  table  are  the  sizes 
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and  weights  most  commonly  used  in  North  Texas.  From  this  table 
the  column  entitled  "using  a  safety  factor  of  2"  is  the  one  that  should 
be  used  in  figuring  the  length  of  a  string  of  pipe  that  can  be  run 
to  shut  off  water.  The  writer  has  seen  this  table  tested  out  in  quite 
a  few  instances.  For  example,  using  a  safety  factor  of  2  for 
65^-inch,  24-pound  pipe  it  will  be  seen  that  3165  feet  is  the  maxi- 
mum amount  that  can  be  run  without  collapsing.  An  instance  is 
known  where  3760  feet  of  this  casing  was  run  in  a  hole  full  of  water 
in  order  to  make  a  shut-off,  and  when  the  hole  was  bailed  down,  the 
casing  collapsed  at  3195  feet,  just  30  feet  below  the  calculated  depth. 

Recovering  pipe  from  abandoned  holes  in  North  Texas  is  a 
relatively  easy  matter.  It  is  quite  a  common  thing  to  recover  all 
of  the  casing.  In  producing  wells  it  is  customary  to  leave  only  the 
two  smaller -Strings  of  casing  in  the  hole  and  all  of  the  larger  pipe 
is  removed.  These  larger  strings  of  casing  are  usually  removed 
before  the  well  is  drilled  in. 

Pulling  casing. — In  pulling  casing  great  care  should  be  exer- 
cised to  see  that  too  much  strain  is  not  put  on  the  pipe  suddenly. 
If  this  is  done  all  of  the  tension  is  thrown  into  the  top  few*  joints 
and  the  pipe  will  part.  If  a  very  gradual  tension  is  put  on  the  cas- 
ing elevators  and  the  strain  allowed  to  equalize  throughout  the 
length  of  the  string  of  casing  it  will  usually  come.  If  it  does  not 
come  this  way  a  considerable  amount  of  tension  can  be  taken,  the 
slips  set  in  the  spider,  and  the  strain  left  on  for  several  hours.  This 
usually  loosens  the  pipe  in  the  stuck  place.  Judgment  has  to  be 
exercised  to  know  how  much  tension  to  take  in  a  string  of  pipe. 
Almost  all  of  the  old  experienced  pipe  pullers  go  by  the  rule  that 
a  string  of  pipe  will  give  one  inch,  in  tension,  for  every  hundred  feet 
of  length.  In  other  words,  for  a  string  of  pipe  2000  feet  long  it  will 
be  found  that  the  casing  elevators  will  rise  above  the  derrick  floor 
20  inches  before  the  casing  shoe  will  leave  bottom.  This  simple 
rule  is  used  often  to  tell  at  just  what  point  in  the  hole  a  string  of 
pipe  is  frozen.  It  is  customary  if  only  10  inches  of  "tension"  is 
gotten  to  conclude  that  the  pipe  is  frozen  at  1000  feet.  This  infor- 
mation proves  very  valuable  at  times. 

Very  few  people  realize  the  enormous  pulling  power  of  the  or- 
dinary chain-driven  calf-wheel-pipe-handling  device  such  as  is  in 
common  use  in  North  Texas,  using  an  ordinary  12xl2-inch  drill- 
ing engine  which  is  supposed  to  develop  about  30  h.  p.  with  125 
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pounds  steam  pressure.  These  engines  have  a  30-inch  pulley  which 
drives  a  10-foot  bandwheel,  hence  the  engine's  power  at  the  band- 
wheel  is  multiplied  four  times.  This  bandwheel  has  on  the  same 
shaft  with  it  a  30-inch  sprocket  for  No.  1030  chain.  This  sprocket 
drives  an  84-inch  diameter  sprocket  on  the  calf  wheel  which  multi- 
plies the  power  two  times.  The  casing  line  is  strung  through  a 
four-shieve  block  affording  9  lines,  which  multiplies  this  last  power 
by  nine.  Hence  the  power  as  developed  on  the  30-inch  pulley  of 
the  steam  engine  is  multiplied  as  follows : 

4x2x9x2=144  times 

If  a  string  of  pipe  cannot  be  pulled  by  ordinary  methods,  that  is, 
by  making  a  straight  pull  on  it  from  the  calf  wheel  and  using  a 
casing  block  having  4  shieves,  hydraulic  jacks  are  usually  inserted 
under  the  spider.  The  jacks  usually  lift  100  tons  each.  The  ten- 
sion in  the  pipe  is  taken  up  with  the  jacks  and  a  trip  spear  is  then 
run  down  inside  the  casing  on  the  tools  and  a  hold  taken  at  the 
point  where  the  pipe  is  believed  to  be  frozen.  The  tools  are  then 
started  with  a  "jar-up"  motion  and  the  casing  is  lifted  with  the 
jacks.  For  doing  work  of  this  kind  it  is  well  to  have  a  rather  deep 
cellar  so  that  the  jacks  and  spider  can  be  kept  below  the  level  of 
the  derrick  floor.  The  above  outlined  procedure  will  usually  free 
an  ordinary  string  of  frozen  casing.  If  it  does  not  it  may  be  that 
the  spear  is  jarring  at  the  wrong  place  and  the  hold  is  broken  and 
the  spear  reset  at  some  other  point  in  the  casing  and  the  operation 
repeated. 

The  drilling  of  the  well. — The  first  drilling  operation  on  a  well 
in  North  Texas  is  known  as  "spudding."  The  common  practice  at 
the  present  time  is  to  "spud-in"  with  a  wire  line  of  either  ^4  or 
^-inch  diameter  using  about  100  feet  of  SJ^-inc^^  manila  cabl^i 
for  a  jerk  line  connecting  the  crank  arm  with  the  spudding  line. 
Spudding  with  a  wire  line  was  formerly  considered  hard  on  a  rig 
but  with  the  heavy  rigs  now  being  used  this  is  not  noticed.  Spud- 
ding with  a  wire  line  has  been  made  almost  necessary  of  late  due 
to  the  scarcity  and  high  price  of  manila  line,  and  one  sees  very 
little  of  the  mknila  line  in  use  for  drilling  purposes. 

It  is  customary  to  "spud"  in  North  Texas  for  a  considerable 
depth,  sometimes  as  deep  as  400  feet.  Then  the  tools  are  "hitched- 
on"  to  the  temper  screw  and  the  regular  drilling  operation  starts 
with  the  walking  beam  furnishing  the  drilling  motion.     Some  op- 
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erators  do  not  use  drilling  jars  in  the  big  hole  unless  the  formation 
seems  to  "mud"  the  tools  up,  causing  them  to  stick.  Almost  all  of 
the  operators  use  a  swivel  socket  of  some  make  with  the  wire  line. 

At  the  present  time  almost  all  of  the  operators  are  using  a 
%-inch  diameter  steel  drilling  line  made  up  of  6  strands  of  19  wires 
each  with  a  hemp  center.  This  size  is  used  until  the  8-inch  hole  is 
reached  and  by  some  it  is  used  until  the  well  is  finished.  Some 
operators,  of  late,  have  started  using  a  f^-inch  diameter  6x19  line 
in  8-inch  and  smaller  hole.  This  effects  quite  a  saving  in  cost  and 
at  the  same  time  better  drilling  progress  is  made  as  the  line  has 
more  spring  with  the  light  tools  used  in  the  small  hole.  Hence 
using  the  smaller  line  the  driller  is  better  able  to  tell  how  the  tools 
are  working. 

There  are  only  three  kinds  of  formations  encountered  in  North 
Texas  above  the  black  shale  of  the  Bend.  They  are:  gray  lime, 
blue  shale,  and  sand.  The  lime  and  shale  drill  very  nicely  but  the 
sands  give  trouble.  In  the  first  place  the  sharp  sand  cuts  the  bits 
and  they  soon  get  out  of  gauge.  Unless  the  bits  are  taken  off 
frequently  and  dressed  "tight  hole"  results  and  when  the  casing  is 
run  it  usually  hangs  up  in  these  places.  "Flat"  and  crooked  hole  is 
often  made  in  water  sands.  When  the  pipe  is  picked  up  to  under- 
ream  through;  these  sands  it  will  be  found  that  the  sand  cuts  the 
cutting  edge  off  of  the  under-reamer  lugs  very  fast.  By  dressing 
the  lugs  out  just  as  far  as  possible  and  still  have  them  go  down  the 
pipe  and  being  extremely  careful  with  the  temper  it  will  be  found 
that  less  dressing  will  be  necessary  and  more  progress  can  be  made. 

Dressing  under-reamer  cutters. — The  Union  Tool  Company- 
gives  the  following  instructions  relative  to  the  proper  dressing  and 
tempering  of  under-reamer  cutters : 

To  dress  cutters. — Bring  slowly  to  an  orange  heat  which  is  about  200O 
degrees  Fahrenheit  and  do  not  forge  below  a  red  heat,  plainly  visible  in 
daylight.  The  heel  of  every  cutter  in  dressing  must  be  kept  parallel  with 
the  cutting  edge  or  in  other  words,  have  the  bottom  of  the  cutter  straight 
across,  which'  is  the  shape  or  form  of  all  new  cutters.  If  cutting  edge  is 
stove  back  of  the  heel  the  cutters  will  wedge  on  the  tongue  crushing  same, 
the  result  being  efficiency  greatly  decreased.  After  dressing  cutters  allow 
them  to  cool  to  hand  warm  before  reheating  for  tempering. 

To  temper  cutters. — Heat  slowly  and  evenly  to  1450  or  1500  degrees 
Fahrenheit,  which  is  indicated  by  a  cherry  red,  then  dip  about  J/2  inch  of 
the  cutting  edge  into  clear  water  stirring  the  cutter  around  so  as  to  keep 
the  water  in  close  contact  with  its  surface.     Allow  the  cutter  to  remain 
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until  the  cutting  edge  is  cool  then  quickly  dip  the  cutter  half  way  into  water 
to  prevent  a  check  forming  between  the  relatively  hot  and  cold  parts. 
Polish  the  cutting  edge  to  observe  the  color,  and  when  it  has  run  down  to 
SI  straw  color  on  the  edge,  set  the  cutter  in  about  1  inch  of  water  or  a  bath 
of  mud  and  allow  tor  cool  slowly. 

It  is  becoming  common  practice  in  California  to  take  under- 
reamer  cutters  after  they  have  been  dressed  and  melt  some  cast  iron 
on  to  the  cutting  edge  with  a  blow  torch.  It  is  found  that  the 
cutters  will  go  quite  a  good  deal  longer  this  way  before  they  need 
dressing.  Texas  operators  should  adopt  this  simple  method  of 
treating  the  cutting  edge  in  order  to  get  more  service  out  of  their 
cutters,  especially  in  view  of  the  (fact  that  a  set  of  cutters  for  a 
10-inch  Union  under-reamer  now  cost  in  the  neighborhood  of 
$90.00. 

Very  little  12j4-inch  or  larger  pipe  is  under-reamed  in  North 
Texas.  The  10-inch  and  8^ -inch  are  under-reamed  usually  with 
Union  or  Wilson  under-reamers,  while  the  favorite  under-reamer 
for  under-reaming  65^-inch  casing  is  the  Swan.  One  should  be 
very  ^careful  to  see  that  the  cutters  for  these  under-reamers  are  for 
the  exact  weight  of  pipe  which  is  to  be  underreamed. 

Drilling  in  the  black  lime. — The  drilling  in  the  bottom  of  most 
of  the  wells  drilled  in  North  Texas  is  in  the  black  lime  formation. 
At  Ranger  a  couple  hundred  feet  of  black  lime  is  usually  encount- 
ered. Wells  drilled  in  other  localities  have  encountered  as  much 
as  750  feet  of  it.  The  hardness  of  this  formation  coupled  with  the 
difficulty  of  making  hole  in  it  is  the  talk  of  North  Texas.  How- 
ever, one  keen  observer  has  remarked  that  when  the  companies  start 
to  paying  the  contractors  by  the  foot  to  drill  it  instead  of  by  the 
day,  as  at  present,  this  will  probably  "soften  the  black  lime  up 
considerably." 

One  well  with  which  the  writer  is  very  familiar  drilled  600  feet 
of  black  shale  and  750  feet  of  black  lime  in  50  days  drilling  time. 
The  black  lime  in  this  well  was  extremely  hard  in  places.  This 
well  was  drilled  with  company  tools. 

Advantages  of  accurate  samples. — In  North  Texas  drillers  are 
prone  to  disagree  as  to  the  proper  name  for  formations  in  which 
they  are  drilling.  For  instance,  one  driller  will  say  he  is  in  gray 
sandy  lime  and  the  driller  working  on  the  other  tour  will  log  the 
same  formation  as  gray  limey  sand.  One  will  log  black  lime  where 
another  will  log  black  slate  or  chert.     It  is  quite  common  for  one 
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driller  to  log  a  shale  as  blue  where  another  driller  would  log  its 
color  as  black.  .This  leads  to  quite  a  difference  in  appearance  of 
logs  of  wells  drilled  close  together  and  geologists  and  others  en- 
gaged in  working  out  sub-surface  conditions  are  often  misled.  The 
only  way  in  which  to  settle  questions  of  this  kind  is  to  require  that 
samples  be  furnished  every  few  feet,  or  at  least  for  every  change  in 
formation.  Contractors  will  invariably  offer  strenuous  objection 
to  furnishing  samples  and  some  drillers  do  not  like  to  slow  down  the 
work  for  the  length  of  time  necessary  to  get  the  samples.  How- 
ever, to  companies  drilling  outside  of  the  proven  areas  it  is  abso- 
lutely essential  that  these  samples  should  be  kept  and  more  and 
more  stress  is  being  laid  on  this  as  time  goes  on.  Quite  often  the 
trouble  and  expense  of  drilling  another  w^ll  may  be  saved  by  hav- 
ing an  accurate  sample  of  each  of  the  sands  drilled  through.  Sand 
samples  also  tell  one  as  to  whether  it  would  pay  to  shoot  a  well  and 
as  to  how  heavy  a  charge  of  nitro-glycerine  will  be  needed. 

Possibly  the  greatest  objection  to  the  contract  system  of  drilling 
lies  in  this  one  feature.  A  contractor  who  is  getting  so  much  per 
foot  for  making  hole  is  going  to  slight  any  operation  which  tends 
to  delay  the  drilling  progress.  On  isolated  tests  where  shut-downs 
and  fishing  jobs  are  extremely  numerous  (locations  on  which  sam- 
ples are  always  particularly  desired)  this  will  be  particularly  true. 

COST  OP  DRILLING  WELLS  IN  NORTH  TEXAS 

The  cost  of  completing  a  test  in  North  Texas  varies  with  the 
area  in  which  the  test  is  being  drilled,  the  depth  to  the  producing 
sand,  the  amount  of  under-reaming  which  has  to  be  done,  the 
amount  of  black  lime  that  has  to  be  drilled  through  and  numerous 
other  things. 

Operating  companies  find  that  they  save  but  little  in  the  long 
run  by  operating  their  own  tools,  and  for  this  reason  the  contract 
price  of  drilling  is  used  as  a  basis  in  making  up  estimates  of  cost. 
Below  are  given  a  few  examples  of  detailed  estimates  of  cost  of 
completed  wells,  as  of  June,  1919 : 

Cost  of  a  Well  At  Ranger. 

1 — 84'x22'  sway  braced  standard  rig  with  6-inch  Ideal  rig  irons. .  .$  4,500.00 

Drilling — 

3200  feet  at  $3  per  foot $9,600.00 

200  feet  black  lime  at  $10 ' 2,000.00 

15  days  under-reaming  at  $100 1,500.00 

5  days  shut  down  at  $70 350.00—  13,450.00 
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Cost  of  a  Well  At  Ranger. — Continued. 

Fuel  and  water — 

60  days  gas  at  $15 $  900.00 

Water    service    300.00—     1,200.00 

Freight    and   hauling 1 ,000.00 

Tanks,  flow  lines,  etc 3,000.00 

Casing — 

350  feet  of  155^-inch  70-pound  casing $1,862.00 

800  feet  of  12j4-inch  50-pound  casing 2,648.00 

1400  feet  of  10-inch  40-pound  casing 3,430.00 

2000  feet   of  fii/^-inch   32-pound   casing 3,%0.00 

3200  feet  of  6H-inch  24-pound  casing 4,576.00—  16,476.00 

200  quart  shot  of  nitro-glycerine 920.00 

Add  10  per  cent  for  unforseen  expenses 4,055.00 

GRAND   TOTAL    $44,601.00 

Less  probable  salvage  for  producing  well 6,352.00 

Net  cost  of  producing  well 38,249.00 

Less  additional  salvage  if  dry  hole 9,329.00 

Net  cost  of  dry  hole $28,420.00 

Estimated  Cost  of  Well  In  Desdemona  Field  (1919). 

1 — 84'x22'  sway  braced  standard  rig  with  6-inch  Ideal  rig  irons.. $  4,800.00 

Drilling — 

2700  feet  at  $4  per  foot $10,800.00 

150  feet  black  lime  at  $10 1,500.00 

10  days  shut  down  at  $75 750.00—  13,050.00 

Fuel  and  water — 

50  days  gas  at  $15 $     750.00 

Water  service   400.00—     1,150.00 

Freight    and    hauling 1,150.00 

Tanks,  flow  lines,  etc 3,000.00 

Casing — 

800  feet  12j^-inch  50-pound  casing $  2,648.00 

1400  feet  10-inch  40-pound  casing 3,430.00 

2000  feet  854-inch  32-pound  casing 3,960.00 

2700  feet  6^-inch  24-pound  casing 3,861.00—  13,899.00 

1 — ^200  quart  shot  of  nitro-glycerine 920.00 

Add  10  per  cent  for  unforseen  expenses 3,842.00 

GRAND    TOTAL    $42,261.00 

Less  probable  salvage  for  producing  well 4,863.00 

Net  cost  of  producing  well ,. .  37,398.00 

Less  additional  salvage  if  dry  hole 9,257.00 

Net  loss  if  dry  hole $28,141.00 
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Estimated  Cost  of  WeU  in  the  Breckenridge  Field  (1919). 

1 — 84'x22'  sway  braced  standard  rig  with  6-inch  Ideal  rig  irons, 
California  pattern    $  5,100.00 

Drilling — 

3200  feet  drilling  at  $5  per  foot $1^,000.00 

25  days  under-reaming  at  $100 2,500.00 

15  days  shut  down  at  $75 1,125.00—  19,625.00 

Fuel  and  water — 

80  days  gas  at  $15 $  1,200.00 

Water   service    650.00—     1,850.00 

Freight   and    hauling • 2,700.00 

Tanks,  flow  lines,  etc 3,000.00 

Casing — 

350  feet  15i^-inch  70-pound  casing .$  1,862.00 

800  feet  12i4-inch  50-pound  casing 2,648.00 

1400  feet   10-inch  40-pound  casing 3,430.00 

2200  feet  8^-inch  32-pound  casing 4,356.00 

3100  feet  6^-inch  24-pound  casing 4,433.00—  16,729.00 

200  quart  shot  of  nitro-glycerine 920.00 

Add  10  per  cent  for  unforseen  expenses 4,920.00 

GRAND  TOTAL  $54,844.00 

Less  probable  salvage  for  producing  well 6,352.00 

m 

Net  cost  of  producing  well 48,492.00 

Less  additional  salvage  if  dry  hole 10,031 .00 

Net  loss  if  dry   hole $38,461.00 

Estimated  Cost  of  Well  in  the  Caddo  Field  (1919). 

1 — 84'x22'   sway  braced,  standard  rig  with  6-inch  Ideal  rig  irons, 
California  pattern    $  5,000.00 

Drilling — ^ 

3200  feet  drilling  at  $4.50  per  foot $14,400.00 

12  days  under-reaming  at  $100 1,200.00 

12  days  shut  down  at  $75.00 900.00—  16,500.00 

Fuel  and  water — 

60  days  gas  at  $15 900.00 

Water    service    500.00—     1,400.00 

Freight    and   hauling 3,400.00 

Tanks,  flow  lines,  etc 3,000.00 

Casing — 

350  feet  155^-inch  70-pound  casing $  1,862.00 

800  feet  125^-inch  50-pound  casing 2,648.00 

1400  feet  10-inch  40-pound  casing 3,430.00 

2200  feet  8^-inch  32-pound  casing 4,356.00 

3100  feet  6H-'mch  24-pound  casing 4,433.00—  16,720.00 
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Estimated  Cost  of  WeU  in  the  Caddo  Field  (1919).— Continued. 

1 — 200  quart  shot  of  nitro-glycerine  920.00 

Add  10  per  cent  for  unforseen  expenses 4,695.00 


GRAND   TOTAL    $51,644.00 

Less  probable  salvage  for  producing  well 6,352.00 

Net  cost  of  producing  well 45,292.00 

Less  additional  salvage  if  dry  hole 10,031.00 

Net  loss  if  dry  hole $35,261.00 

Kstimated  Cost  of  Well  In  Northern  Stephens  County  or  Southern 

Young  County  (1919). 

1 — 84'x22'  sway  braced,  standard  rig  with  6-inch  Ideal  rig  irons, 
California  pattern    $  4,700.00 

Drilling — 

3400  feet  drilling  at  $5  per  foot $17,000.00 

600  feet  black  lime  at  $10  per  foot 6,000.00 

40  days  under-reaming  at  $100 4,000.00 

30  days  shut  down  at  $75 2,250.00—  29,250.00 

Fuel  and  water — 

1500  cords  wood  at  $5 $  7,500.00 

Water  service   1,000.00—    8,500.00 

Freight  and  hauling 2,000.00 

Tanks,  flow  lines,  etc 3,000.00 

Casing — 

300  feet  20-inch  90-pound  casing $  2,160.00 

700  feet  15^-inch  70-pound  casing 3,724.00 

1200  feet  12>4-inch  50-pound  casing 3,972.00 

1700  feet  10-inch  40-pound  casing 4,165.00 

2400  feet  8K-inch  32-pound  casing 4,752.00 

3100  feet  6^-inch  24-pound  casing 4,433.00 

4000  feet  5  3-16-inch  17-pound  casing 4,080.00—  27,286.00 

1 — 200  quart  shot  of  nitro-glycerine 920.00 

Add  10  per  cent  for  unforseen  expenses 7,566.00 

GRAND    TOTAL    $83,222.00 

Less  estimated  salvage  for  producing  well 15,217.00 

Net  cost  of  producing  well 68,005.00 

Less  additional  salvage  if  dry  hole 10,612.00 

Net  loss  if  dry  hole $57,393.00 

Note — ^This  estimate  will  be  found  fairly  accurate  for  wells  drilled  in 
eastern  Callahan  and  Shackleford  Counties. 
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Estimated  Cost  of  Well  In  Palo  Pinto  County. 
(Mineral  Wells  Area.    1919). 

1 — 84'x22'  sway  braced,  standard  rig  with  6-inch  Ideal  rig  irons, 
California  pattern   $  4,500.00 

Drilling — 

3800  feet  of  drilling  at  $3.50 $13,300.00 

700  feet  black  lime  at  $10  per  foot 7,000.00 

20  days  shut  down  at  $75 1,500.00—  21,800.00 

Fuel  and  water — 

90  days  gas  at  $15 1,350.00 

Water    service 1,000.00—    2,350.00 

Tanks,   flow  lines,   etc 3,000.00 

Freight    and   hauling 1,600.00 

Casing — 

350  feet  15j4-inch  70-pound  casing $  1,862.00 

800  feet  12V^-inch  50-pound  casing 2,648.00 

1100  feet  10-inch  40-pbund  casing 2,695.00 

2800  feet  854-inch  32-pound  casing 5,344.00 

3800  feet  6^-inch  26-pound  casing 6,460.00 

600  feet  5  3-16-inch  17-pound  casing 612.00—  19.621.00 

1 — 200  quart  shot  of  nitro-glycerine 920.00 

10  per  cent  for  unforseen  expenses 5,379.00 

GRAND  TOTAL  59,170.00 

Less  estimated  salvage  for  producing  well 5,764.00 

Net  cost  of  producing  well 53,406.00 

Additional  salvage  for  dry  hole 13,933.00 


Net  loss  if  dry  hole $39,473.00 

The  value  of  estimates  of  cost  of  wells. — From  the  foregoing^ 
tables  of  cost  it  will  be  seen  that  there  are  several  items  of  cost 
which  will  vary  greatly  for  individual  wells.  For  instance,  where 
operations  are  being  carried  on  with  company  tools  instead  of  by 
contract  the  cost  of  drilling  may  be  considerably  under  or  over  the 
contract  price,  depending  on  the  efficiency  of  the  work  and  the 
luck  you  have  in  avoiding  fishing  jobs.  Also,  depending  on  the 
location  and  the  weather,  the  cost  of  hauling  pipe  will  vary  con- 
siderably for  individual  wells.  The  North  Texas  roads  are  the 
worst  imaginable  in  wet  weather  and  in  making  up  estimates  tho 
worst  of  conditions  must  be  taken  into  account. 

Pipe  jobs  and  fishing  operations  will  run  the  cost  of  wells  up 
enormously.     For  instance,  in  Young  County  where  a  producing 
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well  should  not  cost  over  $68,000,  according  to  the  estimate,  there 
are  several  wells  as  yet  not  completed  (but  all  below  4000  feet  in 
depth),  which  have  cost  their  owners  upwards  of  $100,000  apiece. 
Xo  estimates  can  take  into  consideration  the  most  extreme  con- 
ditions. 

It  is  hoped  that  these  figures  will  be  of  value  principally  in 
giving  the  public  a  general  idea  of  the  cost  of  operating  in  North 
Texas.  Of  course,  all  of  the  larger  companies  keep  detailed  cost 
sheets  showing  the  cost  of  drilling  wells  but  these  figures  are  very 
seldom  given  to  the  public. 

SHOOTING  OP  NORTH  TEXAS  WELLS. 

It  is  getting  to  be  standard  practice  in  North  Texas  to  shoot 
wells  drilled  into  the  black  lime  whether  or  not  they  show  for  any- 
thing when  drilled.  The  No.  1  Carey  of  the  Mid-Kansas  Oil  & 
Gas  Company  at  Caddo  was  rated  as  a  very  small  well  until  it  was 
shot  with  400  quarts  of  nitro-glycerine.  After  the  shot  it  produced 
as  high  as  12,870  barrels  per  day.  The  No.  1  Manning  well  of  the 
Sinclair  Gulf  Company  at  Caddo  was  reported  as  absolutely  dry 
when  drilled  in.  This  well  was  shot  with  400  quarts  of  nitro- 
glycerine, using  4J/^-inch  shells  and  it  started  off  at  400  barrels  per 
day. 

The  extensive  shooting  of  wells  in  this  area  has  created  such  a 
demand  for  nitro-glycerine  that  the  companies  are  kept  busy  filling 
orders.  At  present  there  are  five  nitro-glycerine  companies  en- 
gaged in  this  work.  The  standard  price  for  nitro-glycerine  shots 
is  as  follows  (1919)  : 

10  quarts  and  under $100.00 

20  quarts    125.00 

30  quarts    170.00 

40  quarts 204.00 

50  quarts   250.00 

60  quarts    296.00 

80  quarts    388.00 

100  quarts  and  over,  per  quart 4.60 

Minimum  charge  for  10  quarts  and  under 100.00 

Electric  wire,  per  foot 05 

Below  is  given  a  tabulation  showing  the  amount  of  nitro-gly- 
cerine required  to  shoot  arty  amount  of  hole,  depending  on  the 
size  of  shell  used : 
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TOTAL  LENGTH  OF  20-QUART  SHELLS. 
(Figured  to  the  nearest  half  foot.) 


Dtam. 

Ins. 

1  Shell 

2 

3 

4 

5 

6 

7 

8 

9 

10 

2 

31'     6" 

63 

94.5 

126 

157.5 

189 

220.5 

252 

283.5 

315 

2^ 

20'     1* 

40 

60.5 

80.5 

100.5 

120.5 

140.5 

160.5 

181 

201 

3 

12'     9' 

27.5 

41 

55 

69 

82.5 

96.5 

110 

124 

137.5 

3^ 

10'     2^^ 

20.5 

30.5 

40.5 

51 

61 

71 

81.5 

91.5 

101.5 

4 

7'  11* 

16 

24 

31.5 

39.5 

47.5 

55.5 

63.5 

71.5 

79 

4^ 

7'     9* 

14 

21 

28 

35 

42 

49 

56.5 

63.5 

71 

4^ 

6'     4" 

12.5 

19 

25.5 

31.5 

38 

44,5 

50.5 

57 

63.5 

^M 

5'     5* 

11 

16.5 

21.5 

27 

32.5 

38 

43.5 

49 

54 

s 

5'     2" 

10.5 

15.5 

20.5 

26 

31 

36 

41.5 

46.5 

51.5 

51/4 

4'     9" 

9.5 

14.5 

19 

24 

28.5 

33.5 

38 

43 

47.5 

5^ 

4'     4* 

8.5 

13 

17.5 

21.5 

26 

30.5 

34.5 

39 

43.5 

Sf^ 

4'     1.7" 

8 

12 

16.5 

20.5 

25 

28.5 

33 

37 

41 

6J4 

3'     6.5* 

7 

10.5 

14 

17.5 

21 

25 

28 

32 

35.5 

7 

2'  ii.e'^ 

6 

9 

12 

15 

18 

21.5 

24.5 

27.5 

30.5 

It  is  customary,  when  desiring  to  make  a  very  heavy  shot  in  the 
black  lime,  to  use  a  5-inch  diameter  shell  extending  for  the  distance 
representing  the  thickness  of  the  lime  or  sand  it  is  desired  to  shoot. 
Some  small  shots  using  2-inch  and  3-inch  diameter  shells  are  used, 
but  it  is  the  opinion  of  competent  shooters  that  operators  waste 
their  money  in  using  shells  of  this  small  diameter. 

It  is  impossible  to  compute  with  any  accuracy  the  amount  of 
force  expended  underground  by  shots  of  different  sizes,  and  oper- 
ators are  governed  more  by  custom  than  anything  else  in  deciding 
as  to  the  best  method  of  shooting  and  the  amount  of  charge.  Some 
operators  shoot  with  a  cushion  of  about  100  feet  of  water  on  top 
of  the  shot,  while  others  prefer  upwards  of  1000  feet  of  water  on 
top  of  the  explosive.  There  are  quite  a  few  instances  known  where 
shots  have  been  set  off  with  the  hole  completely  filled  with  water. 
Very  good  success  is  gotten  in  this  manner. 

In  shooting,  the  lowermost  string  of  casing  should  be  pulled  up 
so  that  the  bottom  of  the  casing  is  at  least  400  feet  above  the  top 
of  the  water  placed  above  the  shot.  It  has  been  found  that  if  the 
water  cushion  is  allowed  to  extend  up  into  the  casing,  the  force  of 
the  shot  will  burst  the  casing  at  a  point  opposite  the  level  of  the 
water.  The  only  exception  to  this  is  where  the  hole  is  completely 
filled  with  water,  and  in  this  case  the  water  simply  "boils"  over 
when  the  shot  goes  off.  For  small  shots  of  around  100  quarts  it 
may  not  be  necessary  to  raise  the  casing  further  than  100  feet  above 
the  top  of  the  water  cushion ;  and  for  shots  of  500  quarts  or  over  it 
is  customary  to  remove  the  inner  string  of  casing  entirely.- 

Nitro-glycerine  shots  exploded  due  to  earth  temperature. — The 

ordinary  method  of  setting  off  a  charge  of  nitro-glycerine  is  with  a 
"go  devil"  squib  or  bumper  squib.    Instances  are  known  in  North 
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Texas  where  considerable  difficulty  has  arisen  in  trying  to  get  shots 
exploded.  The  nitro-glycerine  companies  made  a  very  interesting 
discovery  in  connection  with  the  shooting  of  North  Texas  deep 
wells  which  have  been  drilled  into  the  black  lime.  They  have  found 
that  in  any  well  over  3200  feet  deep  the  temperature  of  the  earth  at 
that  depth  is  sufficient  to  cause  the  nitro-glycerine  to  explode  spon- 
taneously. Quite  a  few  instances  are  known  where  wells  have  "shot 
themselves."  The  length  of  time  which  it  takes  a  shot  to  go  off 
spontaneously  varies  with  the  glycerine  used  and  with  the  depth 
of  the  hole.  Wells  have  been  known  to  "shoot  themselves"  at 
Ranger  in  72  hours,  and  the  shortest  time  known  at  Breckenridge 
has  been  54  hours.  The  No.  1  Ledbetter  well  of  the  Sinclair  Gulf 
Company  at  Caddo  had  a  charge  of  400  quarts  of  nitro-glycerine 
exploded  spontaneously  after  the  shooter  had  made  quite  a  few  un- 
successful attempts  to  explode  the  charge  with  a  squib.  The  deep- 
est well  ever  shot  with  nitro-glycerine  in  North  Texas,  namely. 
No.  1  Seaman  of  the  Roxana  Petrolieum  Company,  in  Palo  Pinto 
County,  had  a  charge  of  380  quarts,  placed  4100  to  4250  feet,  ex- 
ploded spontaneously  due  to  earth  temperature  in  about  30  hours. 

Notes  on  Spontaneous  Explosions  of  Nitro-glycerine  in  Oil  and  Gas  Wells, 
Stephens,  Palo  Pinto  and  Young  Counties,  North  Texas* 

Introduction. — The  spontaneous  explosion  of  charges  of  nitro-glycerine 
placed  in  deep  wells  situated  in  parts  of  the  Ranger  and  Caddo  fields  of 
North  Texas  has  aroused  considerable  inquiry  among  operators  and  others 
as  to  the  probable  agency,  or  combination  of  conditions,  which  causes  the 
explosion. 

The  method  now  followed,  under  certain  physical  conditions  of  a  well, 
of  setting  a  charge  of  nitro-glycerine-  and  allowing  it  to  explode  spon- 
taneously, was  discovered  locally  by  accident.  In  certain  deep  wells  where 
formations  overlying  productive  strata  cave  upon  withdrawal  of  casing,  it 
has  been  the  practice  to  fire  the  shot  electrically.  In  some  of  these 
operations  the  electric  wires  are  broken  or  the  firing  system  is  otherw^ise 
deranged  by  pulling  casing  or  the  caving  of  hole  prior  to  the  time  for 
firing.  Such  accidents  make  it  necessary  for  the  driller  carefully  to  clean 
cavings  out  of  the  hole  to  a  depth  close  to  the  top  of  the  charge,  after 
which  in  the  normal  practice  an  attempt  is  made  to  fire  the  charge  by 
dropping  a  "jack-squib,"  fitted  with  a  fuse  and  detonator,  down  the  well. 
Mr.  R.  L.  Fowler,  production  manager  for  the  Pierce  Oil  Corporation, 
reports  that  a  delayed  shot  was  thus  successfully  fired  through  four  feet 
of  caved  material  lying  on  top  of  the  nitroglycerine  shells. 

When  a  shot  destined  to  be  fired  electrically  fails,  because  of  the  above- 

>R.   E.  CoUom,    Petroleum  Technologist,   Bureau  of  Mines. 
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mentioned  accidental  conditions  to  the  electric  firing  system,  much  time  is 
required  for  the  driller  to  run  casing  into  the  hole  and  clean  out  caved 
material.  It  was  during  the  time  of  such  uncompleted  operations  that  the 
spontaneous  explosions  first  noted  took  place.  Having  noted  these  spon- 
taneous explosions,  the  well  shooters  now  intentionally  place  a  charge  in 
deep  holes,  which  because  of  probable  caves  would  otherwise  have  to  be 
fired  electrically,  and  wait  for  the  charge  to  go  off.  No  detonators  arc 
placed  with  the  charge. 

Purpose  for  which  nitro-glycerine  is  used  in  oil  wells. — Before  discussing 
the  probable  causes  of  spontaneous  explosions,  it  may  be  well  to  describe 
briefly  the  several  purposes  and  methods  of  using  nitro-glycerine  in  oil  and 
gas  wells. 

Casing  and  tubing  shots. — A  small  charge  of  nitro-glycerine  is  used 
when  necessary  to  shoot  a  string  of  casing  in  two.  The  nitro-glycerine  is 
run  inside  the  casing  in  a  "casing  squib."  The  casing  squib  is  fitted  intern- 
ally with  a  firing  tube  which  contains  two  percussion  caps  set  on  an  iron  pin. 
The  pin  is  in  direct  contact  with  a  metal  rod  known  as  the  firing  head.  The 
squib  is  lowered  to  the  desired  position  in  the  casing.  The  antcnnat  pro- 
jecting upward  from  the  bottom  of  the  squib  become  caught  in  the  nearest 
collar  joint  as  the  squib  is  raised  up  and  down  in  the  casing  near  the  desired 
depth.  It  is  desirable  to  disrupt  the  casing  at  a  collar.  When  in  position  a 
heavy  weight  slides  down  the  iron  wire,  upon  which  the  squib  is  suspended, 
and  which  is  also  connected  to  the  firing  head,  and  the  shot  is  fired. 

A  similar  method  is  used  with  a  tubing  squib  for  shooting  ofiF  tubing. 

Shooting  for  production. — In  shooting  for  production,  the  nitro- 
glycerine charge  is  run  into  the  hole  in  shells  to  the  desired  depth.  The 
shells  are  made  of  tinned  sheet  metal.  The  detonator  for  firing  is  a  "squib" 
of  several  varieties,  but  run  separately  from  the  shells.  The  shells  arc 
shaped  at  the  ends  according  to  the  work  desired  of  the  nitro-glycerine. 
The  single-shell  charge  will  be  used  in  a  shell  pointed  at  one  end  and  having 
a  bail  at  the  other  end. 

The  shells  are  frequently  assembled  with  small  tubes  of  the  same  mate- 
rial, known  as  anchors,  either  connecting  several  shells  at  certain  distances 
apart,  or  a  string  of  shells,  with  stub  anchors  between,  will  have  an  anchor 
on  the  bottom  to  keep  it  a  certain  distance  up  from  the  bottom  of  the  hole. 
When  the  shells  are  spaced  with  anchors,  the  anchors  contain  nitro- 
glycerine also,  and  are  called  "loaded"  anchors.  The  loaded  anchor  is 
supposed  to  span  the  gap  across  a  shale  break  or  other  supposedly  non- 
producing  material,  so  that  the  main  force  of  the  shot  can  be  exerted 
where  it  will  do  the  most  good.  The  anchor  placed  at  the  bottom  of  a 
shell  is  not  loaded  and  is  called  a  "common"  anchor.  Various  kinds  of 
anchor  "tips"  are  used  as  fittings  for  connecting  shells  and  anchors. 

The  filling  end  of  the  shell  is  fitted  with  a  downward  pointing  cone- 
shaped  diaphragm.  This  diaphragm  is  perforated  with  several  holes.  When 
the  shells  are  assembled,  according  to  whatever  fashion  may  be  desired, 
they  are  lowered  into  the  hole  until  the  filling  end  of  the  shell  is  only  a 
short  distance  above  the  floor  of  the  derrick.     The  nitro-glycerine  is  then 
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poured  into  the  shells  from  cans  until  they  are  filled  within  an  inch  or  two 
of  the  top. 

Amount  of  mtro-glyccrinc  used. — The  amount  of  nitro-glycerine  used 
in  shooting  for  production  is  gauged  by  the  thickness  of  supposed  oil- 
bearing  formations  and  diameters  of  hole.  It  is  not  unusual  practice  to 
load  the  hole  with  all  the  nitro-glycerine  that  can  be  held  in  the  largest 
diameter  of  shell  that  will  pass  into  the  hole.  The  operator  advises  the 
shooter  that  he  wants  to  shoot  formations  between  certain  depths,  or  a 
sand  of  a  stated  thickness,  in  a  certain  diameter  hole,  and  the  shooter  fills 
the  order.  For  general  use  the  shells  are  made  up  in  3,  5  and  7-inch  sizes. 
Other  sizes  are  also  made.  The  sizes  mentioned  are  of  several  lengths  and 
hold  respectively  10,  20  and  130  quarts. 

Methods  of  firing. — After  the  charge  is  presumably  lowered  to  the  place 
desired,  it  is  fired  with  a  squib.  The  squibs  commonly  used  are  called 
"jack  squib,"  "bumper  squib,"  or  "electric  squib." 

The  jack  squib  and  bumper  squib  are  suitable  for  use  in  open  hole 
where  there  is  no  danger  of  caving  formations,  or  where  it  is  not  necessary 
to  remove  casing  because  of  the  proximity  to  formations  to  be  shot. 

The  jack  squib  is  a  tinned  tube  about  IJ^  inches  in  diameter  and  3  feet 
long.  Ribs  of  the  same  metal,  of  rectangular  cross-sections,  are  soldered 
along  the  outside  of  the  tube  to  reinforce  it  and  protect  it  against  wear  as 
it  drops  down  the  hole.  The  squib  has  a  cast-iron  tip  which  reinforces  the 
end  and  keeps  the  squib  from  hanging  up  on  some  projection  on  side  of 
the  hole. 

A  tube  about  ^  inch  in  diameter,  containing  nitro-glycerine  and  de- 
tonator on  the  end  of  a  fuse,  is  packed  in  sand  in  the  center  of  the  squib. 
The  fuse,  of  a  desired  length,  is  wrapped  around  the  tube  and  the  end  to 
be  lighted  passes  out  of  the  squip  through  a  small  nipple  soldered  at  an 
acute  angle  to  the  side  of  the  squib.  This  squib  is  dropped  down  the  hole 
upon  the  charge  to  be  fired. 

The  "bumper  squib"  is  a  tube  about  the  same  dimensions  as  the  "jack 
squib."  The  bumper  squib  is  discharged  with  a  detonator  and  a  firing  head. 
The  inner  tube  of  nitro-glycerine  is  rigged  to  carry  a  firing  pin  and  percus- 
sion caps.  The  firing  pin  extends  through  the  top  end  of  the  squib  and  a 
three-legged  guide.  The  top  of  the  firing  pin  is  weighted.  When  the 
bumper  squib  strikes  an  obstacle,  the  momentum  of  the  weighted  firing 
head  is  sufficient  to  explode  the  caps. 

The  jack  squib  is  more  suitable  for  firing  through  a  considerable  column 
of  fluid.  It  carries  a  burning  fuse,  headed  with  a  detonator,  and  of  course, 
while  the  fuse  is  burning,  will  drop  through  several  hundred  feet  of  fluid 
until  it  comes  in  contact  with  the  main  charge.  It  is  then  in  position  to 
explode  the  nitro-glycerine  when  the  fuse  burns  into  the  detonator  withm 
the  "jack  squib."  Shooters  prefer  to  use  "jack  squibs"  for  firing  a  charge, 
rather  than  squibs  with  a  firing  head. 

The  electric  squib  is  similar  in  makeup  to  the  small  casing  squib.  It  has 
no  antennae,  however.  The  electric  squib  is  lowered  into  the  hole  to  the 
top  of  the  charge  with  about  14-gauge  insulated  copper  wire.     It  is  filled 


86  PETROLEUM  PRODUCTION  METHODS 

with  nitro-glycerine  and  contains  an  electrically  sensitive  detonator.  The 
electric  squib  is  usually  used  where  removal  of  casing  permits  formations 
to  cave  on  top  of  the  charge.  Each  joint  of  casing  has  to  be  stripped  oft 
of  the  wire  as  the  casing  is  pulled  out  and  unscrewed.  This  work  and 
the  caves  have  already  been  mentioned  as  the  direct  cause  of  the  "dis- 
covery" of  the  so-called  spontaneous  explosions  of  nitro-glycerine. 

The  following  are  examples  of  the  thickness  of  strata  through  which 
a  charge  of  nitro-glycerine  is  distributed  for  shooting.  Details  of  spon- 
taneous shots  are  discussed  later. 

Depths  of  nitro-glycerine  shots  in  oil  wells  between  Ranger  and  Caddo 
fields,  Texas. — 

Well  Quantity  Depth  in  feet    Thickness 
Company  Lease  No.       qts.        from  to        in  feet         How  fired 

Sinclair    Oil    Co.— Satterfield 2  300  3338  3210  128  Electrically 

Palo  Pinto  Oil  Co.—Swcnson 23  100  3481  3454  27  Electrically 

Pierce  Oil   Corporation— Thomas 1  220  3143  3019  124  Electrically 

Pierce   Oil   Corporation — Thomas 1  80  3299  3243  56  Electrically 

Pierce    Oil   Corporation — Thomas 3  260  3151  3050  101  Electrically 

Pierce  Oil   Corporation — Thomas 24  280  3210  3108  102  Spontaneously 

Roxana    Petroleum    Co. — Seaman 1  320  4200  4100  100  Spontaneously 

In  the  writer's  opinion,  the  quantities  of  explosive  used  are  in  many 
instances  excessive.  Well  shooters  have  not,  as  far  as  can  be  learned,  made 
a  scientific  study  of  the  quantity  of' nitro-glycerine  necessary  to  shoot  a  hole 
properly.  It  is  not  unusual  practice  to  load  the  hole  with  the  largest 
diameter  of  shell  that  will  pass  into  the  hole. 

The  cause  for  the  use  of  large  quantities  of  explosives  is  readily  under- 
standable. The  shooting  companies  manufacture  their  own  nitro-glycerine. 
The  oil  operators  have  not  the  first  inkling  of  the  necessary  amount  of 
explosive  to  use,  and,  naturally,  are  not  desirous  of  getting  within  observing^ 
distance  of  the  hazardous  proceeding.  Oftentimes,  though,  shooting  com- 
panies' revenues  represent  principally  a  sale  of  nitro-glycerine  rather  than 
a  fee  for  shooting  a  well. 

Most  of  the  nitro-glycerine  used  for  shooting  wells  in  North  Texas  is 
made  locally;  that  is,  at  plants  15  or  20  miles  from  the  fields.  The  explosive 
is  also  hauled  into  Texas  overland  from  Oklahoma. 

There  has  been  a  great  demand  for  nitro-glycerine  in  North  Texas  fields. 
This  demand  has  probably  caused  carelessness  in  manufacture.  Mr.  W.  P. 
Gage,  of  the  Lone  Star  Gas  Company,  says  that  his  men  report  that  the 
glycerine  now  being  used  appears  dirty  or  rusty  as  compared  with  the 
stock  used  in  normal  times. 

Spontaneous  explosions. — Mr.  R.  L.  Fowler,  general  manager  of  the 
Pierce  Oil  Corporation,  reports  a  spontaneous  shot  for  its  well  No.  24, 
Thomas  lease,  Satterfield  area,  Stephens  County. 

"On  February  13,  1920,  280  quarts  of  nitro-glycerine  was  set  in  the  hole 
between  depths  of  3108  to  3210  feet,  in  black  lime  formation.  The  charge 
was  set  at  1:30  p.  m.,  and  exploded  at  2:45  p.  m.,  one  hour  and  fifteen  min- 
utes. There  was  150  feet  of  oil  in  the  hole  when  shot.  No  detonator 
was  used." 

W.  A.  Snyder,  expert  driller  of  the  Bureau  of  Mines,  obtained  the  fol- 
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lowing  information  from  Messrs.  W.  P.  Gage  and  T.  W.  Sutherland,  of  the 
Lone  Star  Gas  Company,  in  answer  to  interrogatories  sent  the  writer  by 
Dr.  Charles  E.  Munroe,  chairman  of  committee  on  explosives,  National 
Research  Council. 

These  gentlemen  stated  that  practically  all  the  shots  in  the  Ranger- 
Caddo  district  are  being  fired  by  simply  leaving  them  in  the  hole  anywhere 
from  36  hours  to  100  hours  when  they  explode  spontaneously. 

Ordinarily  shots  in  this  district  are  placed,  according  to  depths  of  holes, 
from  3000  to  3800  feet. 

With  respect  to  the  amount  of  pressure  that  could  accumulate  on  a 
torpedo  in  a  3000-foot  hole,  as  much  as  1600  feet  of  fluid  (oil)  was  noted  in 
a  6^-inch  hole. 

The  Lone  Star  Gas  Company  representatives'  experience  showed  that 
in  the  last  two  wells  shot  the  charge  in  one  well,  depth  3157  feet,  exploded 
after  91  hours,  and  in  the  other  well,  depth  to  top  of  charge  3600  feet,  after 
12  hours. 

Temperatures. — Regarding  temperatures,  Mr.  J.  R.  Suman  advises  that 
C.  E.  Van  Ostrand,  physicist  with  the  United  States  Geological  Survey, 
measured  temperatures  of  well  No.  1,  Goode,  of  Roxana  Petroleum  Com- 
pany, to  a  depth  of  3200  feet  and  found  a  geothcrmal  gradient  of  one  degree 
for  47  feet.  However,  the  well  was  later  drilled  to  4029  feet  and  just  before 
encountering  a  half  million  cubic  feet  of  gas  at  4029  feet  the  cuttings  were 
very  hot.    The  temperature  was  estimated  at  150  degrees  Fahrenheit. 

While  drilling  on  well  No.  1,  Seaman,  of  Roxana  Petroleum  Company, 
mentioned  above,  the  cuttings  were  so  hot  at  4535  feet  that  they  could  not 
be  touched  with  the  bare  hands.  This  condition  was  also  true  for  the  tools 
on  drawing  them  from  the  hole. 

According  to  telegraphic  advice  from  J.  O.  Lewis,  chief  petroleum 
technologist  of  the  Bureau  of  Mines,  the  average  temperature  in  Ranger 
field,  Stephens  County,  is  131  degrees  Fahrenheit  at  3000  feet,  with  a 
geothermal  gradient  of  one  degree  for  each  47  feet  increase  in  depth.  These 
data  were  determined  by  Van  Ostrand,  and  of  course  agree  with  the  figures 
given  above  by  Suman. 

Pyritiferous  material  as  a  possible  cause  of  high  temperature. — Addi- 
tional interrogatories  of  Dr.  Charles  E.  Munroe  were  forwarded  the  writer, 
relative  to  the  presence  of  pyritiferous  material  in  the  cuttings  from  strata 
in  which  spontaneous  explosions  occur. 

These  questions  were  brought  up  for  discussion  by  the  writer  at  the 
morning  session  of  the  American  Association  of  Petroleum  Geologists  on 
May  19,  1920. 

Three  geologists  stated  that  the  black  lime  of  the  Bend  series  shows 
minute  crystals  of  pyrite  in  .thin  sections  under  a  microscope.  Mr.  J.  R. 
Suman  advised  the  writer  that  pyrite  casts  of  fossils  have  also  been  brought 
up  with  the  cuttings  from  these  strata. 

The  limestone  is  interbedded  with  carbonaceous  shale  and  the  two  kinds 
of  rocks  grade  both  vertically  and  laterally,  one  into  the  other,  from  well 


88  PETROLEUM  PRODUCTION  METHODS 

to  well.    It  is  probable  that  in  every  case  where  a  shot  is  placed,  the  shot 
is  oppositq  both  kinds  of  strata. 

No  definite  data  were  obtainable  as  to  whether  or  not  pyrite  predomi- 
nated in  the  black  lime  or  black  carbonaceous  shale. 

The  prevailing  opinion  in  the  discussion  was  that  oxidation  of  the 
pyrite  in  the  productive  strata  would  cause  rise  of  temperature.  The  quick 
rise  of  temperatures  of  holes  in  the  Canal  Zone,  encountering  pyritiferous 
material,  was  mentioned. 

The  objection  was  raised,  however,  that  in  practically  all  of  the  wells 
in  Texas  in  which  spontaneous  explosions  occur,  a  considerable  head  of 
fluid — either  water  or  oil,  or  both — ^is  standing  in  the  hole  and  would  there- 
fore tend  to  prevent  oxidation. 

Conclusion. — From  the  above  data  the  following  suggestions  and  crit- 
icisms as  to  cause  and  effect  are  summarized: 

1.  In  view  of  the  fact  that  charges  have  exploded  spontaneously  both 
with  and  without  detonators,  this  agency  would  seem  to  be  removed  as  a 
possible  factor  of  influence. 

2.  The  nitro-glycerine  shells  are  open  at  the  top;  external  and  internal 
pressures  are  equalized,  and  therefore,  consideration  of  the  pressure  factor 
is  eliminated. 

It  is  concluded  that  spontaneous  explosions  are  the  result  of  the  con- 
tinued reactions  of  un-neutralized  acids  in  the  Itquid,  assisted  by  lairly 
high  underground  temperatures.  Temperatures  as  already  recorded  may- 
be sufficient  to  cause  the  explosive  to  gradually  change  chemically  until 
detonation  takes  place. 

However,  there  may  be  an  increase  of  temperature  beyond  that  normally 
recorded,  due  (1)  to  the  oxidation  of  pyritiferous  material,  or  (2)  to  the 
reaction  taking  place  between  the  un-neutralizcd  acid  content  of  the  nitro- 
glycerine with  the  minerals,  including  oil  and  water,  in  the  limestone  and 
shale  rocks. 

According  to  Snelling  and  Storm  (Bureau  of  Mines  Technological 
Paper  No.  12),  "Nitro-glycerinc  begins  to  decompose  at  temperatures  as 
low  as  50  degrees  C.  (122  degrees  F.)  to  60  degrees  C.  (140  degrees  F.).  At 
a  temperature  of  70  degrees  C.  (168  degrees  F),  nitro-glycerine  of  commercial 
quality  evolves  enough  nitrous  fumes  to  give  a  decided  test  with  potassium- 
iodide  starch  paper  at  the  expiration  of  fifteen  to  thirty  minutes."  They 
found  that  at  218  degrees  C.  (424.4  degrees  F.)  nitro-glycerine  explodes. 

Nitro-glycerine  compounds  can  be  exploded  by  ignition,  which  is  the 
probable  method  in  the  spontaneous  explosions  already  discussed.  How- 
ever, nitro-glyccrine  belongs  to  a  group  of  explosives  known  as  nitric 
esters,  which  in  the  words  of  Munroe  and  Hall  (Bureau  of  Mines  Bulletin 
No.  80),  "Are  more  effectively  exploded  by  detonation  through  the  use  of 
an  exploding  device  of  mercury  fulminate  or  the  hydronitrid  of  a  metal  or 
by  the  explosion  of  a  contiguous  mass  of  the  same  ester."  By  exploding 
with  a  detonator  the  molecules  are  literally  "shaken  apart,"  while  in  explod- 
ing by  ignition  the  ordinary  processes  of  oxidation  ensue  to  a  large  extent, 
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though  the  rate  of  combustion  may  so  increase  that  detonation  eventually 

takes  place. 

It  is  quite  probable  that  in  the  "spontaneous  explosions"  part  of  the 
nitro-glycerine  is  wasted,  prior  to  exploding,  by  decomposition,  and  that 
the  remainder  is  exploded  through  ignition  in  an  incomplete  manner. 

One  of  the  principal  criticisms  of  the  present  system  of  shooting  a  long 
charge  of  nitro-glycerine  in  an  oil  well,  is  that  a  detonator  can  be  placed, 
by  means  of  a  squib,  only  at  the  upper  end  of  the  charge.  Much  mor^ 
effective  work  could  be  produced  from  the  explosive  by  detonators  arranged 
at  intervals  through  the  mass  and  exploded  simultaneously. 

The  practice  of  shooting  wells  spontaneously  is  perhaps  convenient, 
but  the  hazards  involved  are  great.  The  shooter,  whose  personal  risks  in 
his  work  are  always  enormous  and  varied,  may  not  think  there  is  any 
special  hazard  involved.  However,  the  time  of  exploding  is  so  variable 
that  a  serious  element  .of  risk,  both  to  life  and  property,  is  injected. 

It  is  already  known  that  a  number  of  wells  have  been  lost  in  Texas 
fields  because  of  premature  explosions,  in  the  upper  part  of  the  hole,  and 
subsequent  inability  of  the  operator  to  clean  out  debris  and  drill  back  into 
the  old  hole  below  the  premature  shot.  The  feature  of  instability,  because 
of  impure  manufacture,  should  not  be  played  with  nor  should  it  be  en- 
couraged as  an  accessory  feature  simply  because  it  facilitates  the  firing  ot 
shots  which,  with  care  in  handling  of  casing,  could  be  discharged  electrically. 

Nitro-glycerine,  even  when  well  made,  is  subject  to  decomposition  at 
temperatures  as  low  as  122  degrees  Fahrenheit,  and  if  the  acid  has  not  been 
completely  removed  it  is  subject  to  decomposition  at  lower  temperatures. 
There  is  danger,  therefore,  of  an  explosion  in  a  well  before  the  charge  has 
been  completely  set,  which  may  injure  the  well  or  cause  loss  of  life.  Also, 
there  are  possibilities  of  accidents,  during  the  summer  months,  from  poorly 
made  nitro-glycerine  decomposing  in  the  summer  temperatures. 

Drilling  With  Electric  Power  in  Eldorado,  Kansas,  Field 
That  electricity  is  by  far  the  cheapest  power  for  drilling  in  oil 
fields  near  high-power  transmission  lines,  is  the  conclusion  of  engi- 
neers of  the  Empire  Gas  &  Fuel  Company  who  carefully  tabulated 
the  results  of  the  drilling  of  Stokes  No.  27  in  the  Eldorado,  Kansas, 
field.  The  actual  saving  over  the  use  of  steam  for  power  was 
S3,655.20. 

Perfect  control  assured. — "During  the  past,  attempts  have  been 
made  to  use  electric  motor  equipment  for  drilling  deep  wells,"  says 
Mr.  Severson,  head  of  the  electrical  engineering  department,  "but 
it  has  been  only  within  the  last  year  or  two  that  much  success  has 
been  attained.  A  number  of  wells  have  been  drilled  with  electric 
motors  in  various  parts  of  the  world.  The  question  of  motor  has 
been-  readily  solved,  but  the  perfect  control  necessary  to  satisfy  all 
conditions  in  the  drilling  operation,  has  been  difficult  to  obtain. 
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"Results  obtained  in  the  drilling  of  Stokes  No.  27  and  a  subse- 
quent well,  show  conclusively  that  a  combination  of  motor  and  con- 
trol apparatus  has  been  perfected  to  a  degree  that  causes  even  expe- 
rienced drillers  to  say  electric  drilling  equipment  is  superior  to 
steam. 

"Reports  from  operation  give  ample  proof  that  the  trial   was 
satisfactory  and  successful." 

"The  maintenance  of  the  electrical  drilling  equipment  on  Stokes 
No.  27  consisted  principally  of  attention  to  the  contact  fingers  and 
segments  in  the  main  controller,  due  to  the  fact  that  these  parts 
become  pitted  by  the  arcing  caused  in  reversing  the  motor,  and 
prevent  the  fingers  from  making  a  good  contact.  This  condition 
should  not  require  the  constant  attention  of  an  electrician,  but  could 
be  handled  by  the  regular  inspector  on  his  daily  visit,  and  in  the 
event  of  more  serious  trouble,  the  trouble  man  of  the  electrical 
department  could  be  summoned. 

"The  driller  and  tool  dresser  became  familiar  enough  with  the 
electrical  equipment  during  the  test  to  be  practically  independent 
of  outside  assistance,  so  that  electrical  drilling  equipment  will  not 
require  the  services  of  an  extra  man. 

"On  two  or  three  occasions  fuses  were  replaced,  but  at  no  time 
was  there  any  serious  electrical  trouble.  The  principal  delays 
incurred  during  the  test  were  caused  by  rig  equipment,  and  on  one 
occasion  by  the  shortage  of  65^-inch  casing.  These  delays  were 
unavoidable. 

"While  the  operations  during  the  test  covered  a  period  of  sixty 
days,  the  actual  drilling  was  accomplished  in  thirty-four  drilling 
days,  and  the  only  water  required  for  the  test  was  that  used  in  the 
hole  for  mixing  the  drillings. 

"The  controllers  were  so  arranged  that  they  provided  the  motor 
eighty  different  speed  variations.  The  controllers  were  operated  by 
steel  cable  lines  from  levers  on  the  'headache'  post.  The  weight  of 
the  motor  was  approximately  two  tons. 

"The  ammeter  was  located  in  the  derrick  close  to  the  'headache' 
post,  and  showed  the  driller  the  amount  of  power  he  was  using. 
During  drilling  operations  in  hard  lime  where  the  tools  got  a  good 
rebound,  it  required  50  to  60  amperes  or  from  30  to  36  horsepower. 
For  drilling  in  shale  where  the  bit  muddied  up,  the  ammeter  showed 
about  60  to  70  amperes  or  about  35  to  41  horsepower.  In  pulling 
tools  out  and  in  bailing  water,  it  usually  required  about  100  to  125 
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amperes  or  the  equivalent  of  about  67  to  75  horsepower.  As  the 
motor  was  75  horsepower  and  will  stand  a  load  of  100  per  cent 
continuously,  a  25  per  cent  overload  for  two  hours,  and  a  100  per 
cent  overload  for  two  or  three  minutes,  there  was  ample  reserve 
power  for  any  emergency  that  might  occur. 

"By  changing  the  taps  in  the  transformer  banks  the  voltage  was 
raised  so  that  while  drilling  it  would  be  about  440  volts.  In  that 
way  the  motor  received  the  rated  voltage  during  the  operation, 
which  was  nearly  continous. 

"During  the  test,  tachometer  readings  were  taken  while  drilling 
in  order  to  determine  the  'kick*  on  the  line  when  using  a  motor  as 
compared  with  steam.  Several  tests  were  made  on  a  neighboring 
steam  well  and  on  the  motor  well,  but  there  was  not  enough  differ- 
ence to  be  noticed,  so  the  'kick'  on  the  line  may  be  taken  as  iden- 
tical on  the  two  outfits. 

Difficult  drilling  encountered. — ^"A  perusal  of  the  daily  report 
will  show  that  this  well  had  more  to  contentd  with  than  the 
average  well.  There  was  much  more  bailing  than  usual,  and  this 
In  turn  caused  considerable  rig  trouble.  The  bull  wheel,  band  wheel 
and  the  sand  reel  had  to  be  replaced.  This,  with  other  difficulties, 
caused  many  delays  that  otherwise  would  have. been  avoided. 

"Water  and  caving  increased  the  cost  per  foot  drilled  more  than 
the  average  for  electric  drilling  in  California. 

"The  many  advantages  of  electricity  for  drilling  have  been 
realized  on  this  well  from  the  start.  The  saying  in  cost  includes  the 
building  of  one  house  that  will  suffice  for  both  drilling  and  pumping 
without  a  change.  The  initial  cost  of  drilling  motor  and  control  is 
less  than  the  cost  of  boiler  and  engine.  The  cost  per  day  for 
drilling  by  electrical  power  is  less  than  with  steam.  The  water 
consumption  is  much  less.  There  is  also  no  fire  risk  and  it  is  not 
necessary  to  move  the  motor  away  from  the  rig  if  gas  is  encoun- 
tered. The  depreciation  of  the  electric  equipment  is  very  small, 
and  repair  parts  are  interchangeable.  The  motor  used  for  drilling 
is  supplied  with  screws  at  the  bottom  of  the  end  shields,  so  that 
reasonable  wear  in  the  bearings  may  be  taken  up  and  thus  the  air 
gap  may  be  kept  balanced  on  all  sides.  With  good  oil  in  the  bear- 
ings, it  should  not  be  necessary  to  do  this  more  than  once  in  eight 
months." 

The  cost  of  installation. — "The  installation  of  the  drilling  motor 
was  an  experiment,  and  particular  care  was  taken  in  making  it  so 
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that  nothing,  as  far  as  we  could  see,  would  tend  to  make  it  a  fail- 
ure. The  motor  equipment  consists  of  one  75  horsepower  three- 
phase  60-cycle  440-volt  Type  M  motor  with  base  and  pulley, 
mounted  on  a  concrete  block ;  14  sets  of  grids,  one  primary  and  one 
secondary  controller,  and  type  K20  250-ampere  circuit  breaker, 
mounted  on  skids;  one  panel  board,  consisting  of  one  250-ampere 
600-volt  three-pole  single-throw  switch  with*  cabinet;  one  100- 
ampere  Type  D6  watt  hour  meter ;  one  series  transformer  for  a  250- 
ampere  indicating  meter  which  is  mounted  inside  the  rig  in  a 
convenient  place  so  that  the  operator  can  at  all  times  judge  the 
load  he  is  carrying  on  the  motor.  For  'safety  first'  we  installed  a 
small  knife  switch  on  the  'headache'  post  and  connected  it  in  series 
with  the  no  voltage  release  so  that  in  case  of  trouble  or  accident 
the  operator  could  immediately  shut  off  the  power  by  opening  it. 
For  controlling  the  motor  from  the  derrick,  we  installed  two  single- 
trees mounted  on  the  'headache'  post  with  steel  cable  lines  direct 
to  both  controllers. 

"The  cost  of  this  entire  installation  was  $2,955.99.  After  mov- 
ing this  outfit  to  Hess  No.  16,  we  found  that  the  salvage  amounted 
to  $2,188.96,  making  the  total  of  the  drilling  installation  amount  to 
$768.03. 

"This  total  cost  of  $768.03  includes  the  house,  concrete  forms 
and  all  labor.  This  cost  can  be  spread  over  the  installation  of  the 
pumping  equipment,  as  the  house  and  forms  were  of  our  standard 
design  to  fit  both  drilling  and  pumping  equipments. 

"At  8 :30  o'clock  in  the  morning  of  September  29  we  shut  down 
the  well  to  remove  the  drilling  equipment  to  Hess  Ito.  16,  and  install 
the  30  horsepower  60-cycle  440-volt  GE  pumping  motor  on  the 
Stokes  well. 

"The  usual  time  required  to  put  a  well  on  the  pump  when  it  has 
been  drilled  by  steam  is  four  days,  this  being  a  very  close  estimate 
as  it  usually  requires  a  few  hours  over  the  four  days.  The  time 
used  on  Stokes  No.  27  was  exactly  eight  hours,  or  a  saving  of  three 
days  and  15  hours  pumping.  Since  this  well  is  estimated  at  160 
barrels  production  per  day,  this  would  give  us  a  saving  at  $2.25  per 
barrel  of  $1305.  If  gas  engine  had  been  installed  the  loss  in  pro- 
duction would  have  been  been  at  least  double,  or  approximately 
$2,609.78." 

Drillers'  Opinion. — "Having  worked  on  Stokes  No.  27  from 
start  to  finish,  my  candid  opinion  is  that  electric  power  for  drilling 
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is  ^eat.  From  a  standpoint  of  economy  and  reliability,  it  has  no 
equal.  In  spudding,  drilling,  bailing  water,  pulling  tools  or  landing 
casing,  the  motor  gave  us  not  the  slightest  difficulty. 

"The  motor  will  bail  faster  and  longer  than  any  steam  power 
I  ever  used.  It  takes  a  good  'toolie'  to  keep  120  pounds  of  steam  on 
a  boiler  when  bailing  down  a  hole  full  of  water  after  casing,  or 
ivhen  carrying  ten  to  fifteen  bailers  while  drilling.  With  the  motor 
it  was  easier  to  carry  that  quantity  than  to  carry  six  to  ten  bailers 
with  steam. 

"Steam  will  start  tools  from  the  bottom  of  the  hole  faster  than 
the  motor,  but  when  half  out  it  will  begin  to  lag,  and  any  driller 
will  tell  you  that  many  a  time  on  a  windy  day,  or  with  bad  oil,  they 
have  had  to  wait  for  more  steam  before  pulling  to  the  top.  With 
the  motor,  as  the  line  increases  the  size  of  the  coii  on  the  shaft,  the 
tools  come  out  faster  and  faster  and  generally  make  it  to  the  top 
quicker  than  steam. 

"It  was  my  pleasure  to  land  the  10-inch  casing  at  1740  feet,  447 
feet  of  which  was  extra  heavy  pipe.  The  string  weighed  approxi- 
mately thirty-four  tons.  We  had  occasion  to  raise  and  lower  casing 
in  mudding  off  gas,  and  it  was  remarkable  to  note  with  what  ease 
the  motor  handled  the  pipe.  It  was  necessary  to  advance  the  con- 
trol lever  to  only  the  fourth  point,  usually,  in  raising  the  entire 
string.  In  pulling  casing,  I  could  part  any  string  in  the  hole  in  one 
minute,  but  it  is  so  easy  to  control  that  it  is  not  necessary  to  run 
up  it  on  a  loose  line  as  with  a  steam  engine.  With  a  little  judg- 
ment it  is  excellent  for  pulling  casing." 


Table  Showing  Comparative  Saving 

Boiler  and  Engine       Motor  Loss  Saving 

Initial  cost  $1,862.00        $1,625.00  $   237.00 

Cost    of   installation    (including 

belts,  etc.)   432.50  ♦768.03        $335.53 

Estimated  depreciation  per  well     290.00  32.50  257.50 

Cost  of  water 480.00  60.00  420.00 

Estimated  cost  of  fuel  oil  at  $36 

per  day  2,160.00 

Cost  of  electric  power 574.93 

*The  installation  charge  of  the  motor  drilling  equipment  was  high,  due  to  the  fact  that 
the  equipment  was  new  and  changes  had  to  be  made  which  involved  labor  charges  that  will 
not  be  necessary  in  future  outfits.     It  also  includes  the  cost  of  building  the  motor  house. 
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Table  Showing  Comparative  Savings — Continued. 

Boiler  and  Engine         Motor  Loss  Saving 

Saving  in  cost  of  power 1,585.07 

Saving  in  installing  pumping 
motor  in  house  on  same  foun- 
dation      186.16 

Saving  in  oil  production  during 
change  to  pump 1,305.00 

Totals   $335.53        $3,99075 

Net  estimated  saving  of  electric 
drilling  over  steam $3,655.20 

Deep  Well  Drilled  in  West  Virginia  by  Hope 
Natural  Gas  Company. 

Location. — On  the  Martha  O.  GoflF  farm  of  620  acres  in  Simpson 
district,  Harrison  County,  West  Virginia,  on  the  waters  of  the 
Owen  Fork  of  Booth's  Creek,  four  and  a  half  miles  northeast  of  the 
town  of  Bridgeport,  on  the  main  highway  from  Fairmont  to  Clarks- 
burg, W.  Va. 

Elevation. — Location  made  for  well  March  3,  1916,  at  a  point 
1164  feet  above  sea  level,  and  200  feet  below  sea  level  of  the  Pitts- 
burgh seam  of  coal. 

Siunmary  of  drilling. — Drilling  was  commenced  April  19,  1916^ 
and  on  March  4,  1918,  a  depth  of  7386  feet  had  been  reached,  thus 
exceeding  by  37  feet  the  depth  of  well  hitherto  known  as  "the  deep- 
est well  in  the  world,"  located  at  Csuchow,  in  Germany.  Approxi- 
mately 400  days  have  been  spent  in  actual  drilling,  the  remainder 
of  the  time  the  well  has  been  shut  down  for  repairs  to  rig,  boilers, 
cables,  etc.,  waiting  for  materials,  minor  fishing  jobs,  taking  of 
temperatures,  cleaning  out  cavings  from  the  hole,  etc.  Fortunately, 
no  serious  fishing  jobs  have  been  encountered.  The  last  known 
sand  passed  in  the  well  was  the  Bayard  sand,  at  depth  of  2300  to 
2310  feet. 

Size  of  hole. — 16  inches  in  diameter  to  depth  of  217  feet;  1^ 
inches  in  diameter  from  217  feet  to  1238  feet ;  10  inches  in  diameter 
from  1238  feet  to  2307  feet ;  8  inches  in  diameter  from  2307  feet  to 
7071  feet ;  6  inches  in  diameter  from  7071  feet  to  present  depth. 

Casing. — 217  feet  of  13-inch  casing,  set  in  slate;  1238  feet  of 
10-inch  casing,  set  in  Big  Lime;  2307  feet  of  8^4 -inch  casing,  set  in 
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Bayard  sand ;  1666  feet  of  6-inch  liner,  set  in  well  at  5405  feet  to 
7071  feet,  to  protect  hole  from  caving. 

Rig. — Standard  (wood),  96  feet  high  with  22-foot  base  of  extra 
heavy  timbers.  Bull  wheel  shaft  24  inches  in  diameter,  with  bull 
w^heels  10  feet  in  diameter,  triple  tug,  having  10-foot  brake  wheels, 
with  14-inch  brake  band  on  one  side,  10-inch  on  other  side;  three 
sets  of  bull  wheels  have  been  used.  Band  wheel  is  14  feet  in  diam- 
eter with  13  inch  face,  triple  tug,  carrying  belt  18  inches  wide,  150 
feet  in  length.  Sand  reel  has  6-inch  steel  shaft,  with  16-inch  friction 
and  brake  wheel,  and  weighs  approximately  8,000  pounds,  two 
of  these  sand  reels  have  been  used.  Walking  beam  is  probably 
the  heaviest  and  largest  piece  of  timber  ever  used  for  this  pur- 
pose, with  Pitman,  connected  to  the  walking  beam,  also  of  un- 
usual size  and  weight.  Crown  pulley  (top  of  rig)  has  7-inch  steel 
shaft,  and  weights  1,200  pounds.  Four  and  one-half-inch  standard 
rig  irons  were  used  to  depth  of  4500  feet,  then  replaced  by  special 
extra  heavy  rig  irons  (7^-inch)  which  have  been  used  to  present 
depth.  Rig  has  been  repaired  from  time  to  time.  All  work  of 
erecting  and  repairing  rig  has  been  under  the  direction  of  George 
H.  Stanfield,  of  Clarksburg,  W.  Va.,  superintendent  of  rig  building 
for  the  Hope  Natural  Gas  Company. 

Boilers — 

One  25-  h.  p.  Acme,  used  from  top  of  hole  to  4,500  feet. 

One  25-h.  p.  Brennen,  coupled  with  the  Acme  at  4,500  feet,  the 
two  boilers  then  being  used  from  4,500  feet  to  7,300  feet. 

One  25-h,  p.  Acme,  put  on  at  7,300  feet,  the  three  boilers  then 
being  used  from  7,300  feet  to  the  present  depth. 

Engines — 

One  12-12  Acme  25  h.  p.  used  from  top  to  4,500  feet. 
One  16x16  Oil  Well  Supply,  80  h.  p.,  replaced  the  Acme  at  4,500 
feet  and  has  been  used  from  that  depth  to  the  present  time. 

Cables — 

One  second-hand  Manila,  2^4x700  feet,  drilled  to  150  feet. 
One  second-hand  Manila,  2j4x700  feet,  drilled  150  feet  to  6i5 

feet. 

One  new  Manila,  2>4x2,800  feet,  drilled  665  feet  to  2,290  feet. 

One  new  wire,  7/^  in.x4,000  feet,  drilled  1,070  feet. 

One  new  tapered  wire,  J^xlxlJ^xl^^xl 0,000  feet,  drilled  1,220  ft. 
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One  new  tapered  wire,  J^xlxlJ^xlj4xlO,000  feet  drilled  625  feet. 

One  new  tapered  wire,  %xlxlj^x7,350  feet  drilled  790  feet. 

One  new  wire,  l-in.xV,000  feet,  drilled  32  feet,  then  used  48  days 
on^  cleaning  out  work. 

One  new  wire  tapered,  %xlxlj^xlj4xl 0,000  feet,  used  one  day, 
broke  and  was  fished  out  of  well. 

One  second-hand  wire,  l-in.x5,000  feet,  used  one  day. 

One  second-hand  wire,  l-in.x7,000  feet,  used  one  day. 

Tools— 

Drilled  to  6,500  feet  with  string  tools  containing  stem  34  feet 
in  length,  5J/i-inches  in  diameter. 

Drilled  from  6,500  feet  to  7,071  feet  with  string  tools  contain- 
ing stem  40  feet  in  length,  4j4-inch  diameter. 

Drilled  from  7,071  feet  to  7,386  feet  with  string  tools  containing 
stem  40  feet  in  length,  4^-inch  diameter. 

« 
Summary  of  Record. — The  log  of  the  well  might  be  summarized 
as  follows,  beginning  at  the  base  of  the  Pittsburg  coal,  200  feet 
above  the  mouth  of  the  boring : 


Pittsburgh    coal,   base   of   Monogahela   Se- 
ries,  Conemaugh   Series    600' 

Allegheny  Series    290' 

Pottsville    Series    260' 

Mauch    Chunk    260' 

Mountain  (Greenbriar)  Limestone   65' 

"Big  Injun,"  "Squaq"  and  Berea  and  Group   265' 

Catskill,    containing    Venaggo    Oil    Group, 

to  base  off  "Bayard"  Oil  Sand 770' 

Chemung,     Shales,     containing    "Elizabeth" 
Speechley,    Bradford,    Benson    and    Kane 

Oil  Sand  horizons   2,190' 

Portage   Beds    1,207' 

Genesee    Slate    288' 

Hamilton   &  Marcellus    1,368' 


Thickness    Total 
Feet         Feet 

Penn 1,150     1,150 


Miss 590     1,740 


Upper 
Devonian 

Shales     . . 


5.823    7,563 


Cornif erous  Limestone  to  present  bottom 23     7,586 
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Temperatures 

Depth  Mean  Temperature 

Meters  Feet                      Centigrade  Fahrenheit 

30.5  100  13.11  55.6 

61.0  200  13.51  56.3 

91.4  300  14.15  57.5 

121.9  400  14.97  58.8 

152.4  500  15.67  60.2 

182.9  600  16.42  61.6 

213.4  700  16.92  62.5 
243.8  800  17.49  63.5 
274.3  900  18.07  64.5 
304.8  1,000  18.51  65.3 

335.3  1,100  18.76  65.8 
.  365.8         ,  1,200  18.62  65.5 

396.2  1.300  19.18  66.5 

426.7  1,400  19.57  67.2 

457.2  1,500  19.87  67.8 

487.7  1,600  20.01  68.0 

518.2  1,700  19.89  67.8 

548.6  1,800  21.53  70.8 

579.1  1,900  23.13  73.6 

609.6  2,000  23.84  74.9 

640.1  2,100  24.52  76.1 

670.6  2,200  25.19  77 .2> 

701.0  2,300  25.72  78.3 

731.5  2,400  26.58  79.8 
762.0  2,500  27.2  81.0 

914.4  3,000  30.9  87.6 
1,066.8  3,500  34.3  93.8 
1.219.2  4,000  37.8  100.0 
1.371.6  4,500  41.8  107.2 

1.524.0  5,000  45.7  114.2 
1,676.4  5,500  50.2  122.3 
1,828.8  6,000  55.6  132.1 
1.981.2  6,500  61.8  143.2 
2,133.6  7,000  67.3  153.2 
2.209.8  -7,250  69.8  157.7 

2.228.1  7,310  70.2  158.3 
Temperatures  taken  by  C.  E.  Van  Orstrand,  Physical  Geologist,  United 

States  Geological  Survey,  Washington,  D.  C. 
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Improved  Methods  of  Deep  Drilling  in  the  Coalinga  Oil  Field, 

California^ 

In  this  territory  the  formations  drilled  through  are  chiefly  sands 
and  shales;  they  will  not  "stand  up",  in  an  open  drilling  hole;  the 
casing  has  to  be  carried  close  to  the  bit,  and  it  is  always  difficult 
to  keep  the  casing  free  for  any  considerable  distance. 

Ability  to  carry  casing  of  comparatively  large  diameter  without 
conductor  pipes  for  distances  of  2,000  or  3,000  feet  or  over  is  desir- 
able in  such  territory  chiefly  for  two  reasons.  It  makes  it  possible 
to  enter  the  oil  sand  with  a  pipe  of  ample  diameter;  it  eliminates 
one  or  more  expensive  strings  of  casing  which  act  only  as  con- 
ductors for  the  water  string,  and  furthermore,  in  territory  where 
waters  are  encountered  which  corrode  steel  rapidly,  it  makes  pos- 
sible the  construction  of  a  rust-  and  alkali-resisting  water  string. 

It  is  always  desirable  to  shut  off  top  waters,  which  may  lie 
within  100  feet  or  less  of  the  oil  sand,  with  10-inchlpipe.  Where  the 
depth  is  so  great  that  a  practical  weight  of  10-inch  pipe  will  not 
withstand  the  probable  collapsing  pressure,  8j4-inch  at  least  is 
desirable. 

About  the  limit  of  rotary  drilling  to  date  in  California  seems 
to  be  the  setting  of  the  10-inch  string  at  3,200  feet,  although  the 
rapid  advance  in  rotary  work  during  the  past  years  seems  to  indi- 
cate that  this  depth  may  soon  be  increased. 

The  problem  is  to  reach  a  depth  of  4,000  feet  or  more  with  a 
string  of  pipe  not  less  than  8j4-inch  in  diameter  for  shutting  off 
top  vyrater,  and  to  reach  it  with  this  string  free  and  movable  and 
using  in  the  upper  part  of  the  hole  the  minimum  of  conductor 
casings. 

In  the  Coalinga  field  some  very  promising  results  have  recently 
been  obtained  by  a  method,  or  combination  of  methods,  effected  by 
William  Keck.  In  one  well  a  15J^-inch  string  was  set  at  2,300  feet, 
and  a  125/^-inch  string  through  this  at  3,003  feet,  these  being  the 
only  strings  used  in  the  well  to  that  depth  and  both  being  landed 
when  they  were  entirely  free.  In  another  well  a  15j4-inch  string 
was  set  at  2,100  feet  and  through  this  a  10-inch  string  at  3,300  feet, 
in  this  case  also  the  strings  were  perfectly  free  when  landed  and 
were  stopped  only  because  it  was  not  desired  to  carry  them  deeper. 
Other  wells  have  shown  similar  results. 


>M.  £.  Lombardi  in  Trans.  A.  I.  M.  £.,  February,  1915. 
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It  will  be  noted  that  the  15j4-inch  strings  were  free  with  over 
2,000  feet  of  "friction"  on  them,  and  this  in  a  territory  that  will  not 
"stand  up"  with  ordinary  drilling  more  than  40  or  60  feet  ahead 
of  the  pipe. 

The  drilling  detail  used  on  these  wells  is  briefly  as  follows:  'A 
large  clearance  for  the  pipe  is  obtained;  the  standard  circulator 
system  is  used;  the  pipe  is  kept  moving  while  drilling  is  in  pro- 
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Fig.  31 — Swinging  Spider 


gress ;  each  collar  is  "set  up"  twice  before  it  goes  below  the  bottom 
of  the  derrick  cellar. 

The  large  clearance  is  obtained  by  the  use  of  a  shoe  of  extra 
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large  diameter,  from  1J4  to  1  ^-inches  larger  than  the  collars  on 
the  pipe.  Underreaming  is  resorted  to  frequently  and  the  hole  is 
repeatedly  underreamed  until  the  pipe  is  entirely  free  in  passing 
a  "shell"  or  hard  streak.  Spudding  the  pipe  is  avoided.  When  a 
conductor  pipe  is  landed  the  desirable  extra  clearance  for  the  next 
string  may  be  obtained  by  skipping  one  size  of  pipe,  as  for  instance 
carrying  a  10-inch  string  through  a  15J/4-inch,  thus  eliminating  the 
12^-inch  size.  This  is  necessary  with  the  present  sizes  of  pipe 
available,  but  a  different  design,  which  will  be  mentioned  later, 
would  save  considerable  expense  in  this  matter. 

This  extra  clearance  is  necessary  in  using  the  circulator  system 
to  allow  free  passage  for  the  "returns."  It  obviates  the  danger 
of  sand  lodging  between  the  strings  of  pipe  and  freezing  the  work- 
ing string. 

The  Circulating  System. — The  well-known  standard  circulator 
system  is  used.  Mud-  (clay)  laden  fluid  is  forced  down  through 
the  pipe  under  pressure  by  the  pumps  (ordinary  rotary  slush 
pumps)  and  returned  on  the  outside  of  the  pipe,  carrying  the  drill- 
ings with  it.  This  fluid  is  run  through  a  flume  and  into  a  pit,  as  in 
rotary  work,  and  its  consistency  is  regulated  as  with  the^  rotary. 

This  mud-laden  fluid  presumably  plasters  up  the  walls  of  the 
hole,  prevents  sand  and  mud  from  running  in  and  prevents  caving. 
It  is  essential  that  circulation  be  interrupted  as  little  as  possible. 
Intermittent  circulation  seems  to  be  worse  than  useless. 

The  pipe  is  kept  moving  while  drilling  is  in  progress,  i.  e.,  with- 
out pulling  out  the  tools — by  means  of  a  so-called  swinging  spider. 
The  pipe  is  suspended  by  an  ordinary  spider  provided  with  lugs 
to  which  are  attached  steel  reins  (sometimes  chains  or  wire  lines) 
which  extend  to  a  clevis  above  the  walking  beam,  the  beam  oper- 
ating between  the  reins.  The  clevis  is  attached  to  the  casing  block. 
The  reins  are  about  40  feet  in  length  so  that  the  pipe  may  be  low- 
ered to  the  bottom  of  a  30-foot  cellar.  The  cellar  is  made  deep 
enough  so  that  the  stationary  spider  at  the  bottom  is  more  than  the 
length  of  one  joint  of  pipe  below  the  derrick  floor.  It  follows  that 
when  a  joint  of  pipe  is  added  to  the  string  the  back-up  tongs  may 
be  put  on  the  second  collar,  which  has  been  previously  set  up  and 
which  is  now  near  the  cellar  bottom.  The  same  result  is  obtained 
without  back-up  tongs,  the  pipe  being  held  by  the  lower  spider. 
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Thus  every  joint  is  set  up  twice — once  when  ii'is  put  on;  arid  a 
second  time  after  it  has  been  subjected  to  the  pull  of  the  pipe  below 
it  and  the  vibration  of  drilling.    This  insures  a  tight  joint. 

It  is  by  a  combination  of  the  above  details  and  careful  attention 
to  them  that  success  in  carrying  pipe  has  been  obtained. 

Other  advantages  are  obtained,  one  might  say,  as  by-products 
of  this  method.  The  pipe  is  always  free  and  the  circulation  perfect 
for  cementing,  the  mud  being  easily  washed  out  ahead  of  clean 
water.  There  is  almost  total  elimination  of  bailing  out  drillings, 
wth  its  consequent  loss  of  time.  A  lifting  pressure  may  be  put 
against  the  closed  top  of  the  casing,  thus  relieving  to  some  degree 
the  strain  on  the  casing  line.  For  instance,  a  12J-i-inch  casing  has 
an  area  of  about  121  square  inches ;  a  pumping  pressure  of  SOO 


Fig.  33— Hydrjulic  Elev 


pounds  per  inch  against  this  means  24,200  pounds  taken  off  the 
effective  weight  of  the  casing.  Naturally  the  pressure  runs  up  if 
the  pipe  becomes  loggy  and  that  is  when  it  is  most  needed. 

The  mud-laden  fluid  as  usually  used  has  a  specific  gravity  of 
about  1.40;  therefore,  its  pressure  in  holding  back  artesian  water, 
running  sand,  etc.,  is  1.4  times  as  much  as  clear  water.  It  is  a  well- 
known  fact  that  this  mud-laden  fluid  tends  to  kill  gas  (see  Tech- 
nical Paper  No.  66,  U.  S.  Bureau  of  Mines,  Mud-laden  Fluid  Ap- 
plied to  Well  Drilling),  although  it  is  tlie  writer's  opinion  that  the 
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capni&f^  &<!tfo'A''of 'W^ftr'iil'sand  has  as  much  to  do  with  holding^ 
gas  pressure  back  as  anything. 

It  has  been  suggested  that  in  territory  where  upper  waters 
corrode  iron  and  steel  very  fast,  a  10-inch  water  string  practically 
immune  to  this  corrosion  may  be  obtained  as  follows: 

Carry  a  12j4-inch  string  within  a  few  feet  of  the  point  where 
water  is  to  be  shut  off.  This  string  may  be  as  light  and  cheap  as 
it  is  practical  to  carry,  since  the  burden  of  sustaining  the  collaps- 
ing pressure  of  the  water  does  not  fall  on  it.  Then  land  a  10-inch 
water  string  inside  of  this  12^-inch  string  at  the  proper  point  be- 
low it,  and  pump  in  enough  cement  to  fill  the  space  between  the 
two  strings. 

This  is  mentioned  simply  as  one  of  the  advantages  which  may 
accrue  from  a  drilling  method  by  which  a  large-diameter  string  of 
pipe  can  be  carried  to  depth  with  reasonable  certainty. 

Now  as  to  the  interesting  item  of  cost.  The  bulk  of  the  extra 
cost  incurred  is  in  movable  tools  and  machinery,  only  the  depre- 
ciation and  upkeep  on  which  are  chargeable  to  the  well  drilled. 
Extra  cost  incidental  to  the  drilling  itself,  other  than  above,  con- 
sists  in  construction  of  the  deep  cellar,  the  installation  of  one  extra 
boiler,  the  mud  pumps  and  the  extra  fuel  and  water  used,  and  one 
extra  man.  The  swinging  spider,  pumps,  boiler,  etc.,  are,  of  course, 
moved  and  used  for  successive  wells. 

An  idea  of  the  extra  cost  items  may  be  gained  from  the  fol- 
lowing : 

Extra  depth  of  cellar,  drain  and  circulator  rigging $   450.00 

Setting  of  extra  boiler  and  circulator  pump 250.00 

Mud  flume,   pits,   etc 100.00 

Total  fixed  costs  per  well    $   800.00 

Extra  labor  in  drilling,  per  day $  7.00 

Extra  fuel,  7  bbls.  of  oil  per  day  at  35c 2.45 

Extra  water,  packing,  etc.,  per  day 4.00 

$13.45 

Total  extra  cost  per  day  for  122  days 1,640.00 

Depreciation  at   18  per  cent  on  $2,320,   being  value   of  outfit 

removed   136.00 

Total  extra  cost    $2,576.90 

In  a  typical  well  with  the  system  under  discussion  3,336  feet  of 
10-inch  pipe  was  set  in  122  days. 
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This  IS  the  value  of  only  about  1,465  feet  of  12j4-inch  45-lb. 
casing  f.  o.  b.  the  field.  No  12j4-inch  casing  was  used,  so  at  least 
this  amount  was  saved. 

Better  average  time  is  made  with  this  method,  so  that  at  the 
most  it  is  not  more  costly  than  the  usual  cable  tool  drilling.  As 
pointed  out,  its  chief  value  lies  in  the  fact  that  large-diameter  pipe 
can  be  carried  to  depth  with  far  more  certainty. 

It  is  impossible  to  leave  this  subject  without  a  few  suggestions 
for  the  future;  in  other  words,  indulging  in  a  mental  construction 
of  an  ideal  drilling  outfit,  built  along  lines  following  the  above 
described  method. 

A  greater  clearance  between  consecutive  size  strings  of  casing 
is  essential.  In  order  to  shut  oflF  water  with  a  certain  size 
string,  the  conductor  used,  be  it  long  or  short,  should  have  an  in- 
side diameter  at  least  1  ^-inches  greater  than  the  outside  diameter 
of  the  collars  on  the  water  string.  Since  the  water  string  will  have 
to  stand  great  collapsing  pressure  and  must  therefore  have  very 
thick  walls,  a  clearance  should  be  provided  in  it  so  that  the  oil 
string  may  be  worked  without  difficulty. 

If  it  is  desired  to  use  an  8J4-inch  oil  string,  it  follows  that  the 
water  string  should  be  at  l^ast  10^-inch  inside  diameter,  which 
woul'd  be  obtained  in  a  casing  of  10^-inch  nominal  diameter  weigh- 
ing from  55  to  60  pounds  per  foot.  This  would  call  for  a  14-inch 
conductor. 

Requirements  for  the  ideal  casing  are: 

Sufficient  thickness  of  walls  to  withstand  water  pressure;  joints 
that  will  hold  on  a  maximum  pull;  threads  that  will  stand  being 
set  up  several  times;  reduction  of  weight  near  the  top  of  the 
string. 

Tq  meet  these  requirements  the  casing  will  have  to  be  heavy 
on  the  bottom  and  light  on  top,  but  the  top  part  will  have  to  stand 
the  greatest  pull.  Obviously  an  upset-end  casing,  upset  on  the 
outside,  would  be  the  thing  for  the  top  part  of  the  string.  Further- 
more, with  these  upsets  and  with  the  thickness  of  the  wall  neces- 
sary on  the  bottom  of  the  string,  eight  threads  per  inch  could  safely 
be  used  in  the  joints.  It  is  well  known  that  eight  threads  will 
stand  more  unscrewing  and  screwing  up,  more  driving  and,  in 
general,  more  "grief"  than  the  customary  10  threads. 

Collars  may  be  built  correspondingly  heavy  since  excess  clear- 
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ance  is  obtained  anyhow.  In  explanation  of  the  desirability  of 
using  eight  threads  I  would  say  that  in  carrying  a  string  of  casing 
a  long  distance  there  are  generally  accidents,  such  as  pinching  a 
shoe,  etc.,  which  necessitate  pulling  and  putting  back  the  casing 
before  it  is  finally  landed. 

The  swinging  spider,  although  efficient,  is  clumsy.  In  moving 
casing  with  it  in  the  ordinary  way,  the  entire  strain  (sometimes 
80  tons  or  more  of  casing,  plus  friction  of  the  mud  between  the 
casing  and  the  walls  of  the  hole,  must  be  moved)  is  transmitted  to 
the  crown  block  on  top  of  the  derrick.  To  obviate  this  and  carry 
the  greatest  strains  on  solid  foundation,  a  hydraulic  elevator  oper- 
ating in  the  cellar  might  be  used.  Such  an  elevator  with  a  lift  of 
22  feet  has  been  devised,  but  never  used  to  my  knowledge.  (See 
Fig.  33.)  By  its  use  casing  could  be  kept  moving  all  the  time,  and 
all  hard  pulls  taken  off  the  crown  block.  Of  course,  the  ordinary 
elevators  and  calf  wheel  would  still  have  to  be  used,  for  putting  in 
and  pulling  strings  of  pipe,  but  the  heavy  work  could  be  carried 
by  the  hydraulic  elevator  in  the  cellar,  and  the  cost  of  constant 
repairs  to  the  derrick  considerably  lightened.  Pulling  in  of  der- 
ricks, with  consequent  'delays,  frozen  pipe,  and  danger  to  life,  now 
far  too  frequent,  would  be  almost  entirely  done  away  with.  With 
the  above  suggested  improvements,  it  *seems  reasonable  to  expect 
that  an  8J4»  10,  or  lO^^-inch  water  string,  with  only  a  few  hundred 
feet  of  conductor,  could  be  carried  in  the  territory  under  discus- 
sion to  4,000  feet  or  more. 

Fishing  Tools— Cable  Tool  Wells 

The  kinds  of  fishing  tools  for  cable  tool  drilled  wells  are  of 
necessity  very  numerous  owing  to  the  varied  nature  of  troubles 
that  can  arise  in  the  drilling  of  a  well  by  this  system.  Some  of 
the  more  common  are  shown  herewith  together  with  a  short  de- 
scription of  each. 

Rope  spears. — As  shown  in  Fig.  33a  there  are  various  kinds  of 
rope  spears.  They  are  used  for  recovering  drilling  and  bailing- 
lines  from  the  well.  The  particular  form  to  be  used  depends  on 
the  condition  of  the  lost  line  in  the  hole. 

Latch  jacks  or  boot  jacks. — These  are  shown  in  Fig.  33b.  They 
:^re  used  to  catch  the  bail  of  a  lost  sand  pump  or  bailer  and  to  take 
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—Types  of  Rope  Speir: 


hold  of  the  lower  half  of  jaw  under  the  head  when  the, upper  half 
is  broken  off. 

Slip  sockets. — ^This  is  the  tool  commonly  used  to  recover  a 
string  of  lost  tools  or  a  lost  bit.  Stem,  or  jar.  They  will  take  hold 
of  any  tool  when  the  pin  has  been  broken  off.  {See  Fig,  33c.)  For 
running  in  a  hole  of  larger  size  than  the  socket,  barrels  are  fur- 
nished which  can  be  bolted  to  the  bottom  of  the  socket.  In  fishing 
for  a  bit  or  tool  which  is  leaning  over  in  the  side  of  the  hole  it  (s 
good  practice  to  lag  a  timber  on  one  side  of  the  socket  so  as  to 
throw  it  on  the  side  of  the  hole. 

Combination  socket. — As  shown  in  Fig.  33d,  this  tool  contains 
slips  for  catching  either  a  pin  or  barrel  of  rope  socket.  This  tool  is 
used  quite  extensively  when  conditions  are  right. 
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Friction  and  bom  sockets. — There  are  several  varieties  of  fric- 
tion sockets  shown  in  Fig.  33e.  They  are  used  to  take  a  friction 
hold  on  tools  loose  in  the  hold  and  in  cases  where  the  diameter  of 
the  lost  tools  is  so  large  compared  with  the  diameter  of  the  hole 
that  combination  or  slip  sockets  cannot  be  used.  When  a  hold  is 
secured  a  straight  pull  from  the  bull  wheels  must  be  made,  as 

BaUer  or   Sand 


Fig.   33-b— Lalch  Jacki  Fig.   33-c— Slip   Sockcis 

these  tools  do  not  ordinarily  take  a  strong  enough  hold  to  stand  for 
any  jarring. 

Spuds. — These  are  made  long  and  short  (Fig.  33f).  They  arc 
used  for  spudding  around  and  loosening  a  bit,  reamer,  or  a  com- 
plete string  of  tools  when  "mudded  up"  or  stuck  in  the  hole.  The 
spuds  for  spudding  around  a  string  of  tools  are  made  40-60  feet 
Ipng. 
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Rasps. — These  are  used  for  filing  or  rasping  off  the  side  of  the 
collar  of  a  tool  which  has  been  drilled  on.  By  dressing  the  collar 
down  in  this  manner  they  are  able  to  get  a  slip  socket,  horn  socket 
or  other  tool  to  go  over  the  lost  tool  and  take  hold.  (  See  Fig.  Sag.) 

Hollow  reamer. — This  tool,  shown  in  Fig.  33n,  is  used  to  remove 
cuttings  and  cavings  from  around  the  top  of  a  lost  tool  in  order  to 
provide  sufficient  room  for  the  fishing  tool  to  take  hold.  They  are 
also  used  in  cleaning  out  down  to  the  lost  tools. 

Whip  stock. — This  tool  is  set  in  the  hole  on  top  of  a  lost  string  of 
tools  when  it  is  desired  to  drill  by.  The  whip  stock  causes  the  tools 
used  in  drilling  past  to  glance  off  into  the  side  of  the  hole. 

Whip  stock  grab. — (Shown  in  Fig.  33-j)  This  tool  is  used  in 
recovering  the  whip  stock  from  the  hole. 

Bell  sockets  or  mandrel  sockets. — As  shown  in  Figs  33-1.  This 
tool  is  used  to  take  hold  of  casing  that  has  been  lost  in  the  hole  or 
a  bailer  body  from  which  the  bail  h-is  been  removed.  Only  one  or 
two  joints  of  casing  can  be  removed  at  a  time  with  this  tool. 
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Collar  sockets. — These  are  used  to  take  hold  of  collar  of  a  tool 
lost  in  the  hole.     (See  Fig.  33m.) 

Rope  socket  tongue  sockets. — Used  for  taking  out  lost  rope 
sockets.  The  tongue  gaes  on  the  inside  of  the  rope  while  the  body 
of  the  tool  goes  around  the  socket.  The  two  slips  catch  and  hold 
the  socket  fast.    See  Fig.  33-n. 

Drive  down  socket.— This  tool  is  shown  in  Fig.  33-o.    It  is  used 
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to  cut  a  "head"  off  of  a  rope 
socket  or  to  reduce  the  size  of 
the  barrel  of  a  rope  socket. 
This  tnol  can  also  be  used  to 
cut  a  short  piece  of  cable  from 
the  rope  socket. 

Jar  knocker. — This  tool  is 
run  on  the  sand  line  and  is 
used  to  knock  the  jars  loose 
when  they  become  locked, 
thereby  permitting  tools  to  be 
loosened.    (See  Fig.  33p.) 

Bulldog  pin  socket.  —  Is 
used  to  take  hold  of  pin  on  lost 
tool.  It  has  no  springs.  (See 
Fig.  33-q.) 

Tools  used  in  fishing  for 
lost  jars. — In  Fig.  33-r  are 
shown  various  sockets  used  in 
fishing  for  lost  jars,  or  for 
broken  jar  reins.  The  particu- 
lar style  used  depends  on  the 
condition  of  the  part  of  the  jars 
which  is  to  be  encountered  in 

the  hole.    To  catch  one  jar  rein      HoliSw^R^^e,  whS's.oci'^r.b 

the  jar  tongue  socket  or  center 

jar  socket  is  used.    To  catch  both  jar  reins  the  jar  socket  is  used. 
To  catch  the  jar  tongue  the  slide  jar  socket  is  used. 

Wall  hooks. — These  are  made  in  various  lengths  and  are  used  to 
straighten  a  bit  in  the  hole.     (See  Figs.  33-s.) 

Wire  rope  knives. — At  all  times  when  the  string  of  driUing  or 
fishing  tools  become  stuck  so  that  it  is  impossible  to  puU  them  by 
jarring  or  otherwise  necessary  to  run  a  rope  knife  into  the  hole  on 
the  cable  and  cut  the  cable  as  close  to  the  rope  socket  as  possible. 
Rope  knives  are  of  various  kinds,  one  of  which  is  shown  in  Fig.  33-t. 
They  are  run  on  the  bailing  line.  As  soon  as  the  line  has  been  cut 
and  the  cable  and  knife  removed  from  the  hole  a  string  of  fishing 
tools  with  long  stroke  jars  and  the  proper  socket  is  run  into  the  hole. 
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COMMON  CABLE  TOOL  FISHING  JOBS' 

Fishing  with  die  coupling. — Steel  die  nipples  and  die  collars 
(Fig.  54a)  are  used  to  recut  threads  on  a  lost  string  of  pipe  and  to 
act  as  a  coupling  after  the  screwing  on  has  been  completed.  They 
are  made  so  that  they  may  be  inserted  in  a  collar  or  over  the  thread 
of  a  joint  of  pipe,  and.  when  necessary,  may  even  be  used  where 
the  thread  of  the  joint  has  been  broken  off  and  the  top  of  the  pipe 
is  left  intact, 

A  die  coupling,  either  steel  nipple  or  collar,  can  be  used  suc- 
cessfully at  any  reasonable  depth.    The  die  is  a  case-hardened  tool 


DRILLING  METHODS  111 

and  can  not  be  driven  without  danger  of  breaking,  al- 
though it  may  be  pulled  upon  with  safety  when  properly 
screwed  on.  Such  tools  can  not  be  used  successfully  on 
a  "water  string,"  as  they  are  not  water-tight  A  die 
coupling  should  be  selected  that  will  not  hinder  the  pass- 
age of  tools;  if  not  carefully  selected,  it  may  be  dis- 
covered after  the  parted  pipe  is  coupled  together  by 
means  of  the  die  nipple  or  collar  that  various  drilling 
tools  which  are  "flush"  with  the  hole  will  not  pass 
through  the  die  coupling.  This  often  happens  with  die 
nipples  and  collars  used  in  the  Mid-Continent  field,  and  is 
a  matter  of  serious  concern  if  the  pipe  thus  coupled  is 
frozen  or  in  such  condition  that  pulling  it  out  is  not  feas- 
ible. It  is  then  necessary  to  turn  all  tools,  such  as  under- 
reamers,  swages,  etc.,  down  to  a  size  that  will  permit 
their  free  passage  through  the  die  coupling,  because  the 
unscrewing  of  such  a  coupling  at  any  great  depth,  with- 
out unscrewing  collars  above  the  coupling,  is  almost  im- 
possible. 

Method  of  screwing  on. — The  die  coupling  is  placed 
upon  the  bottom  of  a  string  of  pipe  of  the  same  size  as 
the  pipe  lost  in  the  hole.    This  "fishing  string"  is  then 
run  into  the    hole  until  the  tool  rests  lightly  upon  the 
upper  joint  of  the  lost  string.    The  fishing  string  is  then 
turned  slightly  until  a  "drop"  is  felt  at  the  surface.    This 
"drop"  is  evidence  that  the  tool  has  dropped  into  place 
and  is  resting  properly  upon  the  lost  string,  ready  for       pig,  33-p 
screwing.     No  drop  will  be  felt  if,  perchance,  the  tool       KEoJkerB 
landed  in  perfect  order  for  screwing  when  first  set  upon 
the  lost  string.     Pipe  tongs  are  now  put  to  work  turning  the  pipe 
at  the  surface  with  engine  power,  the  weight  of  the  upper  pipe  be- 
ing permitted  to  rest  upon  the  lost  pipe. 

For  some  sizes  of  pipe  ball-bearing  races  have  been  provided, 
'vhich  sit  beneath  a  collar  and  on  elevators  and  are  adjusted  to 
support  the  unnecessary  weight  of  the  fishing  string.  These  races, 
however,  are  seldom  obtainable,  so  it  is  here  a.ssumed  that  they 
are  not  in  use. 

As  the  pipe  is  screwed  on  with  the  engine  and  the  die  coupling 
begins  to  cut  threads,  little  satisfactory  progress  will  be  made  un- 
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With  Bind 


Fig.  31-ci~Pin  Socket  Fig.  33.r— Jar  Tongue  Sockets 

less  a  second  pair  of  tongs  is  used  to  hold  the  back  spring — caused 
by  the  tortion  obtained  on  the  pipe— before  the  die  coupling  at  the 
bottom  turns  and  cuts. 

A  mark  should  be  kept  upon  the  fishing  string.  As  the  die 
coupling  screws  on  when  cutting  its  way,  the  fishing  string  will 
settle  the  same  distance  if  no  couplings  in  the  fishing  string  also 
screw  up.  However  the  couplings  are  almost  certain  to  take  up, 
but  as  their  action  can  be  readily  felt,  the  amount,  of  this  "taking 
up"  should  also  be  judged.  As  the  die  couphng  makes  headway  a 
continuous  increase  of  power  will  be  required  to  turn  it.  The  point 
at  which  to  stop  screwing  is  determined  by  the  surface  indications 
resulting  when  engine  power  is  applied,  such  as  the  strain  on  the 
tongs,  the  amount  the  pipe  has  settled,  etc.  The  two  strings  of 
pipe  should  now  be  fastened  firmly  together  and  in  condition  to  be 
pulled  when  desired. 

Use  of  casing  bowl. — P.  D.  Tanguey,  a  master  mechanic  em- 
ployed by  the  Shell  Company,  of  Coalinga,  Calif.,  manufacturers 
for  the  use  of  that  company  a  casing  bowl,  shown  in  Fig.  34b.  The 
drilling  foreman  of  this  company  uses  this  tool  almost  to  the  ex- 
clusion of  die  collars  in  work  that  ordinarily  calls  for  a  die  collar. 
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j»f  Socket  ji^S^ket         '^^^  ^''P®  °^  ^'''^  ^°'*'  being  very 

thin,  permit  a  hold  to  be  taken 
upon  the  outside  of  the  lost  string 
of  pipe. 

Like  the  die  coupling,  a  cas- 
infr  bowl  can  not  be  driven  upon 
and  will  not  exclude  water.  It 
will,  however,  permit  a  free  pas- 
sage to  all  tools  and  is  capable 
of  withstanding  very  hard  pulling, 
but  is  only  serviceable  when  there 
is  no  coupling  on  the  top  joint. 

W.  A.  Snyder,  also  of  the  Shell 
Company,  who  had  occasion  to 
use  this  tool  on  numerous  occa- 
sions, regards  it  as  more  adapt- 
able to  the  same  class  of  work 
than  the  die  coupling,  as  the  time 
and  labor  incident  to  screwing  on 
with  the  die  coupling  is  unneces- 
sary with  the  casing  bowl. 

The  casing  bowl  is  run   into 
the  hole  in  a  manner  identical  to 
Fig.  33.»-v.riou.  types  of  j.r  Socket,       *^^'  described  for  the  die  coup- 
ling,    but    once    the    bowl     has 
slipped  over  the  lost  string  of  casing  its  action  is  instantaneous,  as 
it  takes  hold  of  the  lost  string  when  pulled  up,  and  the  pipe  is  thus 
connected. 

"Bad  pipe."— Frequently  pipe  remaining  in  a  hole  for  some  time 
will  "go  bad."  This  expression  refers  to  pipe  that  has  become 
dented  from  a  "stone  bruise."  is  in  a  state  of  partial  collapse  from 
outside  wall  pressure  or  gas  pockets,  or  perhaps  in  split  and  partly 
flattened.  The  pulling  of  such  pipe  for  the  purpose  of  replacing 
the  damaged  joints  is  often  inadvisable  because  of  the  danger  of 
parting  the  pipe  at  the  "bad  place,"  leaving  the  lower  part  of  the 
string  in  the  hole.  Such  pipe  is  often  "frozen"  and  attempts  to  free 
it  would  cause  the  weakened  joints  to  part. 

Bad  pipe  is  usually  first  detected  by  the  bailer  hesitating  in  its 
drop  as  it  is  let  down  the  hole.    This  hesitation  recurring  continu- 
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n^^^cj.  Common      o^sly  in  the  same  place  leads  the  driller 

to  suspect  that  the  pipe  is  giving 
way  at  that  place.  As  any  slight  dent  in 
the  casing  is  bound,  from  time  to  time 
to  meet  the  full  shock  of  all  tools  being 
run  in  the  hole,  it  is  usually  only  a  matter 
of  time  until  such  a  place  in  the  cas- 
ing becomes  so  impaired  as  to  cause 
the  bailer  to  "stop 
up."  Before  the 
pipe  has  become 
too  badly  damag- 
ed the  bailer  can 
be  worked  past 
the  obstruction 
and  at  times  will 
entirely  miss  it, 
gliding  past  with 
scarcely  a  halt. 
The  obstruction  is 
next  noticed  with 
the  drilling  tools 
and  eventually  be- 
comes so  "bad"  as  to  cause  the  tools  to 
"stop  up."     The    bailer    will   seldom  pass 

*^        *^    •  .  ^  Fig.     33-t— Spang     Wire 

through      pipe      sufficiently      "bad*       to      ob-  Line     Knife    for    cutting 

,  .  cable,   1-inch  diameter  or 

struct     drilling     tools     in     thfeir     passage,  smaller. 

Knife  will  cut  a  1-inch 
or  smaller  drilling  cable 

or    sand    line   in    A^    or 

larger  casing.  Notice  the 

plunger  drive   direct  against   the  cutter   knife.      The   cutting   can   be    done   by   using  rods, 

pipe  or  sand  line. 

This  knife  can  be  put  on  the  cable  to  be  cut  in  one  minute  and  will  not  cut  the  cable 
until  it  strikes  the  top  of  the  rope  socket,  bailer  or  pump. 

This  outfit  consist  of  1   knife,  1  extra  blade,  1  set  4-foot  jars,  3 — 1^x10  feet  sinkers,  1 
ball  bearing  swiveL 


Fig.  33-»— Wall  Hooks 
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although  this  condition  may  be  overcome  for 
a  time  by  replacing  a  full-size  bailer  with  one    ' 
of  smaller  diameter. 

S^raging. — One  of  the  remedies  for  "bad 
pipe"  is  swaging.  The  swage  is  a  heavy  piece 
of  steel,  oval  in  shape,  with  a  small  groove  cut 
into  the  steel  as  a  watercourse.  At  its  greatest 
diameter  the  swage  is  but  a  fraction  of  an  inch 
smaller  than  the  diameter  of  the  casing 
through  which  it  must  pass.  Thus,  casing 
with  a  10-inch  inside  diameter  should  permit 
the  entrance  of  a  swage  9  Ji  inches  in  diameter. 
As  the  ultimate  desire  is  to  "run"  a  swage  of 
the  greatest  diameter  that  the  size  of  the  cas- 
ing will  permit,  a  variance  of  even  one-six- 
teenth of  an  inch  is  a  matter  of  importance. 

The  swage  is  run  below  the  stem,  with 
long-stroke  fishing  jars  immediately  above 
the  swage.  The  tools  are  run  into  the  hole 
until  the  swage  stops  upon  the  "bad  place"  in 
the  pipe.  The  "hitch  is  taken  for  "driving"  or 
"jarring  down"  as  described  on  page  11.  As  the  swage  drives 
ahead  from  the  impact  of  the  stem  and  jars,  the  screw  should  be 
let  out  enough  to  keep  the  jars  continually  hitting  down.  When 
the  swage  has  been  driven  through  the  "bad  place"  and  has  en- 
tered the  "good"  pipe  below,  the  tools  will  swing  free.  *  When  this 
occurs,  the  weight  of  the  heavy  swage  being  now  added  to  that  of 
the  extend^  jars  causes  an  unmistakable  change  in  "motion"  and 
cable  tension.  An  attempt  should  now  be  made  to  pull  the  swage 
back  up  through  the  "bad  place"  in  the  casing.    In  all  probability 


Fig.  34.— String  of 
Fishing  Tools. 


Fig.  34.a — Die  Nipples. 
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ollar ;      p«f  ■ 


the  swage  will  have  to  be 
"jarred"  back  through  this  place. 
The  operation  of  driving  the 
swage  down  through  the  "bad 
pipe"  and  jarring  it  back  through 
the  same  place  should  be  repeated 
until  the  swage  will  pull  freely 
through  the  impaired  pipe.  It 
can  now  be  safely  assumed  that 
the  pipe  has  been  extended  to  its 
normal  size. 

Remarks   concerning   swaging. 

— When  a  difficult  swaging  job  is 

ihot.    Thesptiogs       expected,  the  common  method  of 

pTpi    »rd°  ecu"       procedure  is  to  drive  a  swage  of 

anStr  ("coiq^lni       Small  diameter  through  the  "bad 

loou.  whn  puii«d  up.         place"  first.     This  swage  is  then 

withdrawn  and  a  swage  of  greater 

diameter  is  used.     This  procedure  is  repeated  until   a  swage  of 

maximum  diameter  is  driven  through  the  impaired  pipe. 

If  a  swage  has  been  driven  through  a  split  joint  of  casing  and 
cavings  are  falling  into  the  hole  through  the  split,  great  care  should 
be  taken  to  prevent  the  cavings  from  wedging  the  swage  in  the 
hole — the  tool  being  so  nearly  "flush"  with  the  hole  that  any  hard 
obstacle  may  cause  it  to  wedge.  Pulling  the  swage  above  the  split 
pipe  from  time  to  time  will  act  as  a  preventive  against  wedging, 
and  in  case  the  swage  does  not  pull  freely  it  should  be  pulled  out 
and  cleaned.  A  swage  wedged  in  casing  is  a  difficult  tool  to  re- 
move, as  it  is  not  unusual  to  jar  a  pin  off  in  attempting  to  jar  the 
swage  past  cavings  or  broken  pieces  of  pipe  that  may  accumulate 
above  it,  unless  care  is  taken.  It  is  always  possible  to  jar  a  swage 
up  through  pipe  through  which  it  has  been  driven  if  no  debris  has 
accumulated  upon  the  top  of  the  swage. 

Pipe  has  seldom,  if  ever,  been  severely  injured  by  a  swage,  but 
should  not  be  swaged  if  avoidable,  unless  sitting  on  a  shoulder  or 
bottom.  Pipe,  if  hanging  in  the  hole,  may  easily  be  parted  with  a 
Kwage. 

Swaged  pipe  frequently  goes  bad  a  second  time,  necessitating  a 
repetition  of  swaging.    It  may  be  considered  that  the  pipe  is  weak- 
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¥ig.  34.d  —  Bull- 
dog casing  spear. 
One  cthe  tool 
takes  hold  it  can 
not  be  withdrawn 
because  upward 
m  o  T  e  m  ent  will 
cause  the  slips  a 
to  slip  down  the 
inclined  plane  and 
lodge  against  the 
pipe. 


Fig.  34.e— T  r  i  p 
casing  spear. 
When  the  spear 
is  driven  upon 
with  toolsp  the 
small  trigger  a 
snaps  into  place, 
as  shown,  permit- 
ting the  spear  to 
trip  and  be  with- 
drawn. 


e  n  e  d  with  each  swaging. 
Where  possible  an  inside 
string  of  pipe  should  be  in- 
serted with  a  tapered  guide  of 
wood  or  cast  iron  upon  the  bot- 
tom of  the  shoe  to  guide  the 
shoe  through  the  swaged  pipe. 
This  pipe  will  ordinarily  keep 
the  hole  in  better  condition. 

Tools  with  swage  attached 
should  never  be  raised  above  a 
"bad  place"  in  the  casing  and 
allowed  to  descend  swiftly. 
When  this  is  done,  if  the  swage 
stops  in  the  "bad  place"  in  the 
casing  and  is  then  knocked 
through  with  one  blow  by  the 
descending  stem  and  jars,  the 
swage  being  heavy  may  fall  so 
forcibly  as  to  "jump"  a  pin 
when  the  jars  receive  the  weight  of  the  swage.  This  practice  is 
especially  dangerous  where  two  sets  of  jars  are  used. 

Collapsed  casing. — Pipe  in  a  hole  usually  goes  "bad"  gradually, 
and  may  sometimes  collapse  gradually,  but  as  a  rule  collapsing 
takes  place  instantaneously  and  often  above  tools  in  operation, 
causing  them  to  be  shut  in  below  the  collapsed  pipe. 

A  typical  example  of  collapsing  casing  occurred  in  a  wildcat 
well  in  Colombia,  South  America.  The  hole  was  2,210  feet  deep. 
Ten-inch  pipe  of  a  standard  make  weighing  40  pounds  to  the  foot 
w^as  being  used.  The  pipe  was  in  good  condition,  but  because  of 
circumstances  unnecessary  to  explain,  it  was  decided  to  land  the 
pipe  and  bail  the  hole. 

The  pipe  was  landed  and  bailing  of  the  hole  was  commenced. 
The  water  was  lowered  to  a  depth  of  1,150  feet.  At  this  stage  of 
the  work  the  pipe  collapsed  at  1,600  feet.  There  was  a  sharp  report 
resembling  the  .explosion  of  a  charge  of  dynamite  in  the  hole,  and 
a  rush  of  air  which  blew  the  hats  off  the  men  who  were  standing 
near  the  hole.  This  was  followed  immediately  by  a  column  of 
water  that  gushed  to  a  height  of  about  50  feet.     The  water  was 
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followed   by    gas,    making   it    necessary   to    ex- 
tinguish the  fires  under  the  boilers. 

After  collapsing,  pipe  will  often  be  completely 
sheared  off,  and  the  damaged  pipe  pulled  out  ^vill 
be  flattened  and  split.  The  presumption  is  that 
the  top  of  the  pipe  left  in  the  hole  is  in  the  same 
condition.  However,  more  often  the  pipe,  al- 
though badly  flattened  and  split,  will  cling  ^(3- 
gether,  which  necessitates  driving  at  the  top  with 
tools  and  drive-clamps  before  the  shattered  pipe 
r'd»p''te~""ror  will  break, 

Df*c"ii^e'"io  "n-  Drilling  past  or  sidetracking  casing. — Drilling 

tinB'i'oia '"■"'■•  P*^^  P'P*^  '^  ^  comparatively  easy  matter  in  cav- 

lowered^^mto  the  -^^^  territory,  but  a  very   difficult  undertaking 

where  the  formation  is  hard  and  "stands  up"  The 
necessity  for  drilling  past  pipe  in  hard  territory,  however,  is  far 
less  frequent  than  in  caving  territory.  The  conditions  liable  to 
collapse  are  more  frequently  found  where  the  formation  caves,  and 
in  such  a  formation  the  remedy  is  the  more  easily  applied. 

Time  consumed  in  drilling  past. — When  confronted  with  a  job 
that  necessitates  "drilUng  past,"  the  operator,  unacquainted  with 
the  process,  believes  that  the  time  and  risk  involved  may  make 
moving  the  rig  and  starting  a  new  hole  more  practical  and  is  doubt- 
ful as  to  which  is  the  better 
method  of  procedure. 

When  the  territory  is  suited 
to  "drilling  past,"  the  redrilling 
often  proceeds,  after  a  success- 
ful initial  start,  far  more  rapid- 
ly tl^n  did  the  original  drilling 
of  the  same  formation.  The 
greater  facility  of  redrilling  is 
accounted  for  by  the  forma- 
tions having  been  somewhat 
broken  by  the  original  drilling 
and  by  the  cuttings  from  the 
tools  finding  an  inlet  to  the  old  ruiiir"''~k^^v« 

hole.     The  elimination  of  the  ^-  Ji"'l^^}'\ 

cuttings  in  this  way  keeps  the  doi  ™''"i' wr 


34b— Casin 


DRILLING  METHODS  119 

hole  much  cleaner  with  less  bailing  than  in  the  original  drilling. 

It  will  also  be  found  that  the  underreamer  is  used  less  than  in 
the  first  drilling.  The  formation  seems  to  break  to  a  greater  width 
from  the  impact  of  the  bit  alone,  and  hard  strata  that  occasioned 
the  use  of  the  underreamer  when  the  hole  was  first  drilled,  are 
often  undetected  in  the  second  drilling. 

Ultimate  condition  of  hole. — It  can  not  be  maintained  that  drill- 
ing past  a  string  of  casing,  and  carrying  a  second  string  of  pipe 
to  the  intended  depth  past  the  old  casing,  leaves  a  hole  in  as  perfect 
condition  as  it  would  in  the  event  that  sidetracking  had  not  been 
necessar>%  but  the  general  results  of  such  work  are  highly  encour- 
aging. There  is  little  more  reason  to  expect  trouble  from  a  string 
of  casing  landed  successfully  by  drilling  past  an  old  string  than 
there  would  be  if  the  conditions,  were  otherwise,  although  the  new 
string  may  suffer  from  the  causes  that  occasioned  the  original  cas- 
ing to  fail. 

"Sidetracking"  a  common  practice. — Sidetracking  casing  is  such 
a  common,  in  fact,  daily  occurrence  in  many  localities  that  citations 
from  the  hundreds  of  examples  where  such  work  has  been  success- 
fully performed  is  unnecessary.  One  of  the  many  instances  of  such 
work  will  be  enough — that  performed  on  well  No.  4  of  the  Ameri- 
can Petroleum  Company,  section  30,  Coalinga,  Calif.  This  well — 
an  old  producer  at  the  time  of  the  writer's  knowledge  of  it — had 
10-inch  pipe  broken  off  within,  and  successfully  sidetracked  on 
four  different  occasions.  On  the  last  occasion  the  10-inch  pipe  was 
pulled,  but  more  than  250  feet  of  the  string  was  left  in  the  hole. 
The  bottom  joint  of  the  pipe  pulled  out  was  replaced  with  a  new 
joint,  a  10-inch  shoe  being  used.  The  lost  pipe  was  sidetracked, 
the  new  string  landed,  and  the  well  put  to  tpumping  within  two 
-weeks. 

In  the  example  cited  on  page  117,  where  the  pipe  collapsed  at 
1,600  feet,  the  original  depth  of  the  hole  was  2,210  feet.  The  610 
feet  of  hole,  thus  lost  by  the  collapsing  of  the  pipe,  was  redrilled 
in  less  than  one-third  of  the  time  consumed  in  drilling  the  original 
hole. 

Tools  used  in  sidetracking  casing. — Tools  used  in  sidetracking 
casing  are  many  and  varied  when  the  work  does  not  proceed  with 
the  ease  anticipated.  They  are  largely  a  matter  of  individual 
choice  and  construction,  however,  and  usually  are  dispensed  with 
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in  favor  of  the  ordinary  drilling  tools.  Bits  are  sometimes  drawn 
far  out  to  one  side  until  they  are  bootlike  in  appearance,  upon  the 
theory  that  the  extended  point  will  reach  a  troublesome  sliver  of 
the  old  pipe  that  may  be  obstructing  the  passage  of  the  new  pipe. 
Reamer  bits,  flat  on  the  surface  and  rounded  to  the  "full"  of  the 
hole,  are  also  used,  but  although  the  reamer  bit  is  recommended, 
unless  the  job  is  of  an  unusual  kind,  the  ordinary  drilling  tools 
suffice  for  all  purposes. 

Importance  of  clean  start. — In  drilling  past  is  has  been  proved 
that  if  the  work  be  not  unduly  hurried  in  the  beginning,  and  the 
pipe  receives  a  clean  start  past  the  top  of  the  old  pipe,  the  work 
will  progress  more  favorably  than  if  this  start  is  forced.  * 

A  bit  is  put  to  work,  as  in  ordinary  drilling,  upon  the  top  of  the 
old  pipe.  After  enough  progress  has  been  made  for  the  insertion 
of  a  joint  of  casing,  the  pipe  should  be  "tried."  If  the  slivered 
casing  obstructs  the  passage  of  the  pipe,  the  hole  should  be  under- 
reamed  until  the  barrier  is  forced  into  the  wall  or  broken  off.  W'b  ^n 
this  happens  the  first  joint  of  pipe  will  start  past  the  old  pipe. 
From  now  on  ordinary  drilling  problems  only  are  met,  with  the 
exception  of  an  occasional  troublesome  sliver  of  the  old  pipe  inter- 
fering enough  to  cause  momentary  delay. 

Odd  features  of  sidetracking  pipe. — The  new  casing  should  be 
raised  only  when  unavoidable,  as  the  old  pipe  often  falls  back  into 
the  hole  if  the  casing  is  raised,  thus  necessitating  a  repetition  of 
the  work. 

•Turning  the  casing  will  often  cause  it  to  pass  a  sliver  obstruct- 
ing at  an  unexpected  moment.  On  the  other  hand,  an  unfortunate 
turn  of  the  casing  will  sometimes  cause  it  to  encounter  an  obstruc- 
tion at  a  place  in  the  hole  through  which  it  had  previously  passed 
freely.  This  action  of  the  casing  is  referred  to  merely  to  illustrate 
the  peculiar  behavior  of  casing  at  times  and  not  because  it  is  of 
great  importance. 

After  the  initial  start,  the  old  pipe  may  not  again  be  encounter- 
ed. In  most  cases,  however,  when  freedom  from  contact  with  the 
old  pipe  is  maintained  throughout  the  greater  part  of  the  redrilling. 
the  bottom  joint  of  the  old  string  will  be  encountered  and  some 
trouble  will  be  met  in  passing. 

The  balance  of  opinion  as  regards  the  choice  of  shoe  to  be  used 
for  this  operation  favors  a  plain  shoe.     It  is  contended  that  the 
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occasional  advantage  obtained  by  a  tooth  shoe  in  eliminating  a  sliver 
is  more  than  offset  by  the  tendency  of  such  a  shoe  to  create  slivers 
and  catch  others  that  a  plain  shoe  would  pass. 

Fishing  With  Overshot. — Of  the  innumerable  tools  for  pipe  fish- 
ing, the  writer  has  chosen  the  overshot  (Fig.  34-c)  as  being  suf- 
ficiently important  for  detailed  description. 

Overshots  have  three  flat  springs  about  16  inches  long,  1J4  inches 
^vide,  and  %  inch  thick,  but  varying  in  size  to  correspond  to  the 
size  of  the  overshot.  The  springs  are  held  erect  within  a  steel 
bowl.  When  the  overshot  comes  in  contact  with  the  top  of  the 
lost  pipe,  it  slips  over  that  pipe,  and  travels  down  over  the  collars. 
If  unhindered  by  cavings  or  other  obstacles,  the  overshot  can  be 
run  to  the  bottom  of  the  hole.  The  well  then  has  one  string  of 
pipe  within  another.  When  the  overshot  is  raised  the  upright 
springs  catch  under  a  collar  of  the  lost  or  inner  pipe  and  this  pipe, 
if  free,  can  then  be  pulled;  however,  should  it  not  be  free,  and  the 
outside  string  be  known  to  be  the  stronger,  the  inner  pipe  may  be 
pulled  apart.  The  overshot,  although  a  delicate  appearing  tool,  is 
capable  of  withstanding  considerable  strain.  This  tool  is  an  excel- 
lent one  for  catching  tubing  or  casing  that  has  been  dropped  and  is 
broken  and  croaked,  provided  it  is  reasonably  certain  that  the  cas- 
ing or  tubing  has  not  become  fast  in  the  hole  so  that  excessive 
strains  will  be  required  to  pull  it. 

Fishing  with  casing  spears. — There  are  many  types  of  casing 
spears  manufactured  for  fishing  out  casing.  However,  they  may  be 
classified  under  two  heads — bulldog  and  trip  spears. 

Every  care  should  be  taken  to  avoid  running  a  spear  below  a 
breach  in  the  pipe  that  will  permit  4ebris  or  broken  pieces  of  casing 
to  fall  upon  the  spear.  Under  such  adverse  circumstances  the  best 
trip  spears  are  likely  to  "bulldog"  in  the  pipe  and  they  are  a  very 
stubborn  tool  to  remove  when  once  "fouled." 

Regardless  of  selling  advertisements  to  the  contrary,  spears  of 
whatever  make  will  damage  pipe,  at  the  point  of  contact  of  slips  and 
pipe,  if  heavy  jarring  is  continued  too  long  in  one  place  without 
changing  the  "hold."  When  the  hold  should  be  changed  is  a  matter 
depending  entirely  upon  the  judgment  of  the  driller  and  the  weight 
and  condition  of  the  pipe  for  which  he  is  fishing. 

Bulldog  spears. — Bulldog  spears  are  so  constructed  that  once  the 
spear  is  run  into  the  pipe  being  fished  for,  it  can  not  again  be 


132  PETROLEUM  PRODUCTION  METHODS 

raised  without  taking  all  or  part  of  the  pipe  with  it.  In  other 
words,  the  hold  may  be  broken  and  a  lower  hold  taken,  but  the 
spear  can  not  be  pulled  up  without  gripping  the  pipe.  Before  run- 
ning this  tool,  if  a  stubborn  jarring  job  is  anticipated  due  care 
should  be  taken  that  all  equipment  is  in  good  condition,  because 
"something  has  to  come."  The  pipe  must  either  be  freed  in  toto 
or  jarred  apart  and  an  upper  part  removed. 

Trip  spears. — Trip  spears  (Fig.  34-e)  are  so  constructed  that 
the  hold  may  be  broken  and  the  spear  withdrawn  at  the  will  of  the 
driller.  Trip  spears  are  made  with  two  and  four  slips.  The  l-slip 
spear  is  intended  to  be  less  injurious  to  the  pipe  than  the  2-slip 
spear.  The  spear  that  is  less  liable  to  damage  pipe  permits  the 
longest  "jarring"  in  one  spot  without  changing  "holds." 

For  stubborn  jobs,  whenever  obtainable,  trip  spears  should  be 
used  in  preference  to  bulldog  spears.  Should  any  accident  occur 
and  be  detected,  such  as  the  slow  unstranding  of  a  wire  cable  due 
to  a  broken  strand,  or  should  the  job  prove  stubborn  enough  to 
require  a  change  of  method,  or  should  any  one  of  innumerable  rea- 
sons demand  that  the  hold  be  broken  and  the  tool  pulled  out,  the 
use  of  the  trip  spear  would  permit  this  being  done. 

Jarring  up  with  spear. — Assume  a  hole  to  be  2300  feet  deep  and 
the  pipe  frozen.  Light  driving  at  the  surface  with  clamps  and 
drivehead  would  probably  be  the  first  step  after  precaution  w^as 
taken  to  keep  the  pipe  from  dropping.  This  failing,  the  jar-down 
spear  would  be  used.  Should  the  jar-down  spear  also  fail,  the 
"friction"  would  be  ascertained  by  obtaining  vibration  before  with- 
drawing the  spear.  A  trip  drive-up  spear  would  now  be  placed 
upon  the  fishing  jars  left  on  the  bottom  of  the  stem  when  the  jar- 
down  spear  was  removed.  Assume  that  the  "friction"  has  been  found 
to  be  behind  the  last  200  feet  of  pipe  or  between  depths  of  2100  and 
2300  feet.  The  "stretch"  of  the  casing  would  first  be  taken  and 
held;  a  hold  would  then  be  taken  in  the  pipe  with  the  spear  at 
2270  feet  or  about  midway  in  the  second  joint  from  the  bottom,  or 
midway  in  the  shoe  joint,  if  preferred. 

Jarring  up  would  now  be  started.  The  hold  would  be  changed, 
from  time  to  time,  according  to  the  possibility  of  its  injuring  the 
pipe.  Signs  of  vibration  in  the  pipe  would  be  watched.  The  spear 
having  hold  within  the  part  of  the  casing  bound  by  wall  "friction/* 
no  vibration  would  be  had  unless  movement,  though  ever  so  light, 
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^were  obtained.  Should  vibration  be  obtained,  it  would  start  faintly 
with  the  first  slight  movement  of  the  casing.  This  vibration  would 
increase  as  the  pipe  became  more  free.  When  the  vibration  was 
distinct  enough  to  justify  the  effort,  the  trip  spear  would  be  with- 
drawn (it  will  be  noted  that  a  bulldog  spear  could  not  be  with- 
drawn) and  the  pipe  would  be  worked  with  the  engine.  Movement 
having  been  obtained,  the  success  of  the  operation  should  be  as- 
sured, although  a  repetition  of  the  process  might  be  necessary  before 
the  pipe  would  pull. 

Fishing  with  spear  and  hydraulic  jacks. — If  vibration  were  not 
obtained  and  the  pipe  not  freed  as  described  above  a  pair  of  hy- 
draulic jacks  might  be  used  to  assist  in  loosening  the  pipe.  Each 
of  these  jacks  is  usually  capable  of  lifting  100  tons.  They  should 
be  placed  upon  a  firm  footing,  one  on  each  side  of  the  casing,  and 
the  ordinary  small  spider  placed  over  the  pipe  with  an  end  resting 
upon  each  jack.  The  pipe  is  then  ''stretched"  to  the  utmost  mar- 
g^in  of  safety,  and  the  slips  inserted  in  the  spider  to  hold  this 
^'stretch."  A  hold  in  the  pipe  is  then  taken  with  a  trip  spear,  and 
jarring  up  is  resumed  as  formerly  described. 

The  jacks  are  screwed  against  the  spider  in  unison  with  the 
jarring  whenever  it  is  believed  that  the  pipe  will  stand  increased 
strain.  Indications  that  the  pipe  has  started  an  upward  movement 
are  expected.  Certainty  that  movement  has  started  is  known  only 
if  vibration  is  obtained.  Unless  vibration  is  obtained,  continued 
jacking  will  part  the  casing,  but  if  vibration  should  be  obtained, 
the  jacks  may  be  operated  more  freely  as  the  vibration  increases. 

Should  the  pipe  part  at  a  coupling  above  the  spear,  because  of 
excessive  power  applied  to  the  jacks,  the  pipe  could  be  allowed  to 
remain  in  the  hole  until  the  spear  is  pulled  out.  The  pipe  could  then 
be  Avithdrawn.  If  a  bulldog  spear  were  used,  the  spear  could  not 
easily  be  withdrawn,  and  it  might  be  necessary  to  "strip'*  all  the 
pipe  out  over  the  cable,  a  long  and  laborious  process  compelling 
the  passing  of  the  drilling  cable  through  each  stand  of  pipe  as  the 
pipe  is  withdrawn.  Also,  cavings  would  settle  upon  the  bulldog 
spear  when  the  loose  pipe  was  withdrawn  if  the  wall  of  the  hole 
was  not  held  by  an  outside  string  of  casing,  at  the  point  where  the 
pipe  parted,  whereas  with  a  trip  spear  the  mere  setting  of  the  pipe 
together  until  the  hold  of  the  trip  spear  was  broken  would  be  suf- 
ficient to  exclude  the  cavings  until  the  spear  was  pulled  out. 
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Breaking  the  hold  of  a  "Bull-Dogged'  Spear.  —  When  casing^ 
spears  of  any  make  get  "bull-dogged  or  "fouled"  in  the  pipe,  mak- 
ing their  removal  difficult,  the  slips  can  often  be  worn  smooth  by 
"hitching  on"  so  that  the  jars  will  hit  both  ways.  If  the  jars  hit 
both  upon  the  up  and  down  strokes  this  will  start  the  slips  upon 
the  spear  to  working.  Sorpetimes  the  slips  cut  a  chann.el  through 
the  heavy  steel  at  the  bottom  of  the  spear  and  drop  into  the  hole, 
but  more  often  the  teeth  of  the  slips  are  "rasped  off"  by  workings 
the  slips  up  and  down  against  the  pipe  until  they  are  so  smooth 
that  they  refuse  to  catch  the  pipe.  The  spear  can  then  be  pulled 
with  some  difficulty. 

A  "bull-dogged"  spear  can  also  be  removed  from  the  hole  by 
running  it  below  the  shoe  ,and  taking  a  hitch  that  will  cause  the 
slips  to  strike  the  shoe  on  the  up  stroke.  This  procedure  w^ill 
cause  the  slips  to  shear  a  passage  at  the  bottom  of  the  spear  or 
break  out  the  dovetails,  thus  permitting  the  slips  to  drop  into  the 
hole  below.  This  method  is  very  severe  on  the  shoe,  but  is  effec- 
tivetive  and  can  be  used  as  a  last  resort.  Care  should  be  taken  to 
prevent  a  spear  from  bull-dogging  unintentionally,  as  complications 
that  may  cause  a  serious  fishing  job  are  possible  in  breaking  the 
hold  by  the  methods  just  described. 

Fishing  with  Mandrel  Substitute,  spear,  and  jacks. — In  construc- 
tion, a  mandrel  substitute  is  like  a  wire-cable  socket  that  no  cable 
hole  is  bored  in,  and  it  has  between  the  wrench  squares  and  the 
"neck"  a  thread  fitted  to  a  pipe  coupling.  It  is  used  where  a  short 
string  of  pipe  has  been  left  frozen  in  the  bottom  of  a  hole.  The  top 
joint  of  this  pipe  may  be  split.    The  method  of  use  is  as  follows : 

The  mandrel  substitute  is  screwed  tightly  into  a  pipe  coupling 
of  the  same  size  as  the  lost  "string."  The  neck  of  the  substitute  is 
inside  the  pipe,  and  the  bottom  of  the  pipe  is  "plugged"  by  the 
substitute.  A  short  stem,  or  "sinker,"  long  enough  to  reach  below 
the  split  (if  present)  in  the  top  joint  of  the  lost  string,  is  placed 
upon  the  mandrel  substitute.  Either  a  bulldog  or  trip  spear  may  be 
used  upon  the  stem.  The  use  of  jars  between  stem  and  spear  is 
seldom  necessary,  and  when  used  the  jars  frequently  cause  trouble. 
Because  of  the  small  space  in  w^hich  jars  have  to  operate  in  this 
work,  and  the  tendency  of  a  spear  to  take  a  lower  hold  w-hen 
"knocked"  further  down  a  hole,  jars  are  only  occasionally  an  aid  in 
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breaking  a  hold.    Usually  a  bulldog  spear  is  used  without  the  aid 
of  jars,  upon  the  theory  that  "something  has  to  come." 

Assuming  that  jars*  are  not  used,  the  tools  should  now  be 
^'strung"  as  follows:  The  mandrel  substitute  is  screwed  into  the 
coupling,  a  short  stem  is  screwed  into  the  mandrel  substitute,  and 
a  spear  screwed  into  the  stem. 

The  pipe  with  the  tools  attached,  as  described,  is  run  into  the 
hole  until  the  spear  enters  the  lost  pipe  and  is  below  the  split,  if 
such  exists,  in  the  top  joint.  The  fishing  string  is  then  raised  and 
the  "stretch"  held  with  a  spider  placed  upon  hydraulic  jacks.  The 
cable  tools  are  now  used.  Fishing  jars  are  placed  upon  the  bottom 
of  the  stem,  and  a  combination  socket  with  "slips"  fitted  to  the 
neck  of  the  mandrel  substitute  is  screwed  upon  the  jars.  The  tools 
are  now  run  into  the  pipe  and  the  combination  socket  takes  a  hold 
upon  the  neck  of  the  mandrel  substitute.  A  hitch  is  taken  with  the 
cable  tools  and  jarring  up  is  commenced.  The  jacks  are  operated  in 
unison  with  the  jarring,  and  the  operation  is  continued  until  the 
frozen  pipe  is  freed  or  parted.  As  the  hold  of  the  combination  soc- 
ket is  easily  broken  when  desired,  the  tools  may  be  withdrawn  at 
will  and  the  pipe  pulled  with  the  portion  of  the  lost  string,  jarred 
loose.  The  operation  can  then  be  repeated.  For  successful  fishing 
with  a  mandrel  substitute,  the  walls  of  the  hole  must  either  stand 
up  or  be  held  in  place  by  a  protecting  string  of  casing. 

Cutting  casing  in  the  hole. — When  only  the  lower  part  of  a 
strtng  of  pipe  is  of  service  in  a  hole,  the  recovery  of  the  unservice- 
able part  of  the  pipe  is  often  desirable.  For  example,  a  hole  has 
450  feet  of  12J^-inch  pipe  within  it,  1500  feet  of  10-inch  pipe  has 
been  landed  and  the  water  shut  off  with  this  string.  At  2000  feet 
the  8-inch  pipe  freezes  and  is  permitted  to  remain  in  place.  The  well 
is  finished  by  inserting  2500  feet  of  G^g-inch  casing.  If  the  chance 
of  any  of  the  outside  strings  collapsing  or  "going  bad"  is  considered 
slight,  the  pipe  could  be  cut  off  near  the  bottom  of  each  protecting 
well  string  and  the  upper  part  of  the  pipe  recovered  without  damage 
to  the  hole.  The  65^-inch  pipe  could  be  cut  off  at  1950  feet  and  this 
part  recovered,  leaving  the  lower  550  feet  in  the  hole.  Such  a  cut 
would  leave  a  50-foot  lap  of  6^-inch  pipe  extending  up  into  the 
8j4-inch.     Similarly,  1450  feet  of  8^-inch  pipe  extending  up  into 


'Driving  the  pipe  at  the  surface  to  break  the  hold  should   trip  a  trip   spear  as   readily 
as  would  the  jar. 
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the  10-inch.  After  cutting  the  pipe,  either  the  top  of  each  cut  joint 
in  the  hole  would  have  to  be  swaged  until  it  "belled  out"  tight 
against  the  outer  string,  or  else  an  "adapter"  (Fig.  34-f),  would 
hav*e  to  be  placed  on  the  top  of  the  cut  joint.  The  adapter  fits  over 
the  cut  and  is  prevented  from  sliding  down  over  the  pipe  by  means 
of  a  "shoulder"  which  rests  on  the  top  of  the  pipe.  The  top  of  the 
adapter  is  tapered  and  the  outside  is  flush  with  the  casing  through 
which  it  is  inserted.  Were  the  pipe  not  "belled  out,"  or  an  adapter 
used,  the  tools  would  catch  on  the  cut  pipe  in  passing  down  the 
hole.  When  more  than  one  string  of  pipe  is  to  be  cut,  each  adapter 
should  be  set  before  the  next  larger  string  is  removed  from  the 
hole. 

Use  of  cutters. — The  similarity  of  the  various  casing  cutters  now 
extensively  used,  making  their  operation  identical.  Knives,  a  (See 
Fig.  34-g),  as  in  ordinary  pipe  cutters,  varying  only  in  size,  are 
held  in  sliding  steel  blocks,  b,  mounted  in  a  cylindrical  steel  frame, 
c.  The  knives  are  forced  against  the  pipe  by  a  tapered  steel  man- 
drel, d,  inserted  behind  the  steel  blocks,  b,  through  a  hole  in  the 
center  of  the  steel  frame. 

Before  "running"  the  cutter,  enough  "stretch"  should  be  taken 
upon  the  casing  and  maintained  by  means  of  elevators  or  spider  and 
slips'  to  cause  the  pipe,  when  cut  in  two  ,to  jump  just  enough  to 
give  notice  that  the  operation  has  succeeded.  This  stretching  also 
eliminates  the  problem  of  "slack"  pipe  that  would  otherwise  arise. 
After  the  pipe  is  stretched,  the  cutter  is  placed  on  tubing  and  .run 
into  the  hole  to  the  desired  depth.  A  ball-bearing  race,  though  not 
absolutely  essential,  should  be  placed  between  the  elevators  and 
the  tubing  coupling,  immediately  above  them.  This  race  makes 
the  turning  of  the  tubing  less  difficult  and  acts  to  prevent  the  tub- 
ing from  screwing  up  in  the  couplings  and  raising  the  cutter  when 
the  tool  is  turned. 

A  set  of  long-stroke  jars  small  enough  to  enter  the  tubing  and 
with  a  pin  of  the  same  size  and  thread  as  a  sucker-rod  pin  are 
placed  above  the  mandrel.  From  two  to  four  iron  sucker  rods  arc 
placed  above  the  jars.  The  connected  equipment  is  attached  to  the 
sand  line,  run  into  the  tubing,  and  permitted  to  strike  lightly  upon 
the  cutter,  where  it  will  stop.  The  tubing  is  then  turned  by  hand 
power.  The  weight  of  the  rods  above  the  mandrel  forces  the  blocks 
containing  the  knives  out  against  the  casing.  Sometimes  this  weight 
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is  sufficient  for  the  work,  but  when  it  is  not  ,and  the  cutter  turns 
with  so  little  effort  as  to  convince  the  drillers  that  it  is  making 
litle  progress,  the  jars  between  the  mandrel  and  sucker  rods  may  be 
operated  by  hand,  or  engine,  or  by  raising  and  dropping  the  sand 
line.  When  the  rods  are  raised  with  the  sand  line  and  the  jars 
parted  without  pulling  the  mandrel  out  of  the  cutter,  the  mandrel 
drives  farther  between  the  sliding  blocks  each  time  the  rods  fall 
against  it  and  forces  the  knives  farther  into  the  pipe  metal  and 
holds  them  there.  The  mandrel  should  not  be  driven  between  the 
blocks  too  tightly  or  the  tubing  can  not  be  turned. 

Usually  20  to  40  minutes'  turning  of  the  tubing  is  required  to 
cut  the  casing.  If  the  casing  is  not  cut  after  IJ^  hours'  turning  and 
the  tubing  is  pulled,  it  will  probably  be  found  that  the  knives  were 
forced  too  rapidly  by  the  mandrel  and  were  broken.  They  can  then 
be  replaced  and  the  operation  repeated.  When  the  casing  is  cut  it 
w41l  jump  from  the  stress  obtained  and  must  be  held  before  running 
the  cutter.  The  mandrel  and  rods  should  then  be  pulled,  the  tubing 
should  be  raised  gently  until  the  cutters  are  started  into  the  upper 
pipe  and  should  then  be  pulled ;  afterwards  the  loose  casing  should 
be  pulled.  An  adapter  (see  Fig.  34-f)  should  then  be  inserted  over 
the  cut  joint  in  the  hole  or  else  the  top  of  the  joint  should  be  "belled 
out"  with  a  swage,  as  formerly  described. 

Splitting  casing  in  the  hole. — Casing  splitters*  are  operated  by 
driving  down  with  the  drilling  tools,  with  long-stroke  jars  on  the 
bottom  of  the  stem  and  the  splitter  (see  Fig.  S-i-h)  attached  to  the 
jars. 

The  simple  construction  of  the  splitter  makes  it  a  safe  and  prac- 
tical tool.  The  impact  of  the  jars  when  the  tools  strike  causes  a 
knife,  a,  in  a  sliding  block,  b,  which  is  forced  up  and  against  the 
pipe  from  the  bottom  by  a  mandrel,  c,  held  in  place  by  tension  of  the 
string,  d,  against  the  pipe,  to  cut  through  the  pipe.  The  knife  is 
held  stationary  in  the  block,  b,  by  a  steel  pin,  e,  extending  through 
the  block  and  the  knife.  The  $teel  pin  also  holds  the  block  in  the 
frame  of  the  splitter..  Before  running  the  splitter  into  the  casing, 
the  spring,  d,  is  raised  up  the  mandrel  by  compressing  with  the 
fingers  the  small  trigger,  g,  at  the  bottom  of  the  mandrel.  When  the 
tool  is  lowered  in  the  hole,  there  is  enough  pipe  friction  upon  the 


'Wagy,  £.  W.,  Uses  of  perforated  casing  and  screen  pipe  in  oil  wells:  Tech.    Paper 
247,  Bureau  of  Mines,  1919,  p.  9. 
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spring  to  prevent  its  dropping  back  over  the  trip  trigger.  Should 
the  spring  lack  tension  and  in  some  manner  drop  back  while  the 
splitter  is  being  run  into  the  hole,  the  mandrel  would  at  once  raise 
against  the  block  and  a  hole  would  be  forced  in  the  pipe  by  the 
jars  striking. 

When  the  tool  is  lowered  to  the  desired  depth  it  is  then  raised, 
the  mandrel  draws  up  through  the  spring,  and  the  trigger  snaps  into 
place.  Them  the  splitter  is  tripped.  The  knife  will  thrust  a  hole 
through  the  pipe  with  the  first  impact  of  the  jars.  Care  must  then 
be  taken  to  keep  the  jars  from  "hitting  up."  Should  the  jars  "hit 
up,"  the  knife  will  be  withdrawn  from  the  pipe  and  will  probably 
be  broken.  After  "hitching  on"  the  splitter  will  drive  readily,  cut- 
ting a  slot  in  the  pipe  in  its  progress,  until  a  coupling  is  reached. 
The  progress  of  the  knife  will  be  retarded  by  the  coupling  but  not 
stopped.  When  the  coupling  is  split,  the  pipe  can  then  be  pulled, 
although  the  coupling  sometimes  fails  to  spread  enough  to  permit 
pulling  without  light  driving  of  the  pipe  at  the  top  by  clamps  and 
drive  head. 

Uses  of  casing  splitters. — Casing  splitters  are  most  commonly 
used  to  recover  casing  when  a  hole  is  about  to  be  abandoned,  and 
when  the  work  involved  in  freeing  the  pipe,  so  that  the  entire  string 
can  be  recovered,  would  prove  too  expensive. 

Casing  splitters  may  also  be  used  as  perforators  to  cut  holes  in 
casing.  Some  splitters  are  constructed  with  two  knives,  by  the  use 
of  which  two  separate  cuts  are  obtained.  Splitters  will  not  always 
take  the  place  of  cutters,  as  the  former  are  liable  to  leave  the  up- 
permost joint  of  pipe  left  in  the  hole  in  a  split  condition,  which  is 
undesirable  for  a  hole  in  which  further  work  is  to  be  done. 

A  slight  stress  may  be  held  upon  pipe  about  to  be  split,  but  the 
stress  should  not  be  excessive,  as  the  jarring  down  upon  the  coup- 
ling being  cut  increases  the  stress  on  the  upper  couplings,  and  ex- 
cessive stress  can  cause  the  pipe  to  part  above  the  splitter. 

When  pipe  has  collapsed  or  is  so  "bad"  as  to  make  the  redrilling 
of  a  hole  necessary,  if  the  pipe  will  not  pull,  it  may  be  split  above 
the  "bad  place"  more  easily  than  it  can  be  cut  and  with  equally 
satisfactory  results. 

In  splitting  pipe,  the  wrist  pin  should  be  placed  in  either  the 
first  or  second  hole  of  the  crank  shaft  in  order  to  avoid  breaking  the 
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knife  with  too  forcible  a  blow.    This  will  also  minimize  the  chances 
of  the  jars  striking  both  ways. 

Directions  For  Splicing  Wire  Rope 

The  tools  required  will  be  a  small  marline  spike,  nipping  cut- 
ters, and  either  clamps  or  a  small  rope  sling  with  which  to  wrap 
around  and  untwist  the  rope. 

In  splicing  a  rope  a  certain  length  is  used  up  in  making  the 
spHce.  An  allowance  of  not  less  than  16  feet  for  J/2-inch  rope,  and 
proportionately  longer  for  larger  sizes,  must  be  added  to  the  length 
of  your  endless  rope  in  ordering. 

Having  measured  carefully  the  length  the  rope  should  be  after 
splicing,  and  marked  the  points  6  and  6',  Fig.  36-A,  you  should 
unlay  the  strands  from  each  end  of  the  rope  to  6  and  6',  and  cut 
oflF  the  hemp  center  at  6  and  6',  and  then — 

First. — Interlock  the  six  unlaid  strands  of  each  end  alternately 
and  draw  them  eogether  so  that  the  points  6  and  6'  meet  as  shown 
in  Fig.  35-B. 

Second. — Unlay  a  strand  from  one  end  and  following  the  unlay 
closely,  lay  into  the  seam  or  groove  it  opens,  the  strand  opposite 
it  belonging  to  the  other  end  of  the  rope,  until  within  a  length 
equal  to  three  or  four  times  the  length  of  one  lay  of  the  rope,  and 
cut  the  other  strand  to  about  the  same  length  from  the  point  of 
meeting,  as  shown  at  1,  Fig.  35-C. 

Third. — Unlay  the  adjacent  strand  in  the  opposite  direction  and 
following  the  unlay  closely,  lay  in  its  place  the  corresponding 
opposite  strand,  cutting  the  ends  as  described  before  at  2,  Fig  36-C. 

It  will  be  well  after  each  pair  of  strands  to  tie  them  temporarily 
at  the  points  1  and  2. 

Pursue  the  same  course  with  the  remaining  four  pairs  of  oppo- 
site strands,  stopping  each  pair  about  eight  or  ten  turns  of  the 
rope  short  of  the  preceding  pair,  and  cutting  the  ends  as  before. 

The  strands  are  now  laid  in  their  proper  places,  with  their  re- 
spective ends  passing  each  other,  as  shown  in  Fig.  35-D. 

All  methods  of  rope  splicing  are  identical  to  this  point;  their 
variety  consits  in  the  method  of  tucking  the  ends.  The  one  given 
below  is  that  most  generally  practiced. 

It  now  remains  to  secure  the  ends : 

Clamp  the  rope  either  in  a  vise  at  a  point  to  the  left  of  1,  Fig. 
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35-D,  and,  by  a  hand  clamp  applied  near  1,  open  up  the  rope  by  un- 
twisting sufficiently  to  cut  the  hemp  core  at  1,  and  seizing  it  with 
the  nippers,  let  your  assistant  draw  it  out  slowly,  you  following  it 
closely;  crowding  the  strand  in  its  place  until  it  is  all  laid  in.  Cut 
the  hemp  core  where  the  strand  ends  ,and  push  the  end  back  in 
its  place.  Remove  the  clamps  and  let  the  rope  close  together  on  it. 
Draw  out  the  hemp  core  in  the  opposite  direction  and  lay  the 
other  straijd  in  the  center  of  the  rope  in  the  same  manner.  Repeat 
the  operation  at  the  five  remaining  points,  and  hammer  the  rope 
lightly  at  the  points  where  the  ends  pass  eoch  other  at  1,  1,  2, '2. 
etc.,  with  small  wooden  mallets,  and  the  splice  is  complete,  as 
shown  in  Fig.  35-E. 

If  a  clamp  and  vise  are  not  obtainable,  two  rope  slings  and 
short  wooden  levers  may  be  used  to  untwist  and  open  up  the  rope- 

A  rope  spliced  as  above  will  be  nearly  as  strong  as  the  original 
rope  and  smooth  everywhere.  After  running  a  few  days  the  splice 
if  well  made,  cannot  be  pointed  out  except  by  close  examination  of 
an  expert. 


Drilling  and  Production  Technique  in  the  Baku  Oil  Fields' 
The  method  of  controlling  fountains,  or  gushers,  is  the  result 
of  growth,  along  with  the  Russian  system  of  drilling,  where  large 
diameters  and  riveted  casing  have  been  in  vogue.  The  screw 
casing  is  seldom  used  except  to  exclude  water.  Formerly  the 
method  of  finishing  wells  and  the  condition  of  the  casing  at  the 
top  of  the  well  would  not  permit  the  use  of  gates,  manifolds  and 
connections  as  is  standard  elsewhere. 

■Arthur  Knapp  in  Transailiona  Am.   Inst.   Min  &  Met.   Ergrs.,  J.n.   1920. 
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The  life  of  the  flowing  wells  is  very  short,  particularly  those 
10  inches  or  more  in  diameter,  which  produce  large  quantities  of 
sand  and  often  flow  for  but  a  few  days  and  are  then  a  complete 
loss.  More  than  1,000,000  poods  in  twenty-four  hours  have  been 
claimed  in  several  instances,  but  in  no  case  was  the  flow  for  more 
than  a  few  days. 

The  oil  sands  of  this  district  are  free  uncemented  sands  and  vary 
in  thickness  from  paper  thin  to  a  maximum  of  10  feet  (3m.)  The 
sands  are  interlaid  with  strata  of  soft  clay.  In  spite  of  this,  the 
practice  has  been  to  drill  into  such  sands  and  produce  from  the 
open  hole  without  screen  or  liners.  Sometimes  the  casing  is  set 
below  the  oil  sand  but  in  this  case  holes  from  2j/$  to  3  inches  in 
diameter  are  drilled  opposite  the  oil  sand,  which  would  not  have 
the  effect  of  a  screen. 

Fig  36-a  is  an  outline  of  the  fountain  shield  ready  for  the  control 
of  a  fountain.  It  is  composed  of  an  inner  and  an  outer  covering 
made  from  rough  boards.  The  framework  is  made  of  rough  round 
poles.  When  a  light  flow  is  expected,  only  the  inner  lining  is 
built ;  when  the  fountain  comes  in  unexpectedly,  it  is  often  possible 
to  build  only  the  outer  cover.  The  bridge  is  for  the  purpose  of 
renewing  the  blocks  as  they  become  worn  by  the  flow.  The  lower 
block,  as  here  shown,  is  made  of  hardwood  and  is  bolted  to  the 
crossbeams  with  brass  bolts.  The  grain  end  is  toward  the  flow. 
The  upper  block,  as  shown  here,  is  made  of  cast  steel  and  is  also 
bolted  to  the  crossbeam  with  brass  bolts.  Both  blocks  may  be 
wood  or  steel,  depending  on  the  fancy  of  the  engineer  in  charge. 

Valves,  tees  and  lead  lines  are  sometimes  put  on  the  well  to 
prevent  its  flowing  before  the  shield  is  complete  and  to  control  the 
well  in  case  of  fire.  No  attempt  is  made  to  control  the  production 
or  to  direct  the  flow  when  the  well  is  put  to  producing;  the  well 
is  always  allowed  to  flow  to  capacity  against  the  blocks.  Usually 
the  valves  are  cut  out  and  rendered  useless  soon  after  the  flow 
commences.  The  wear  of  the  blocks  depends  on  the  flow;  some- 
times they  must  be  renewed  daily.  This  arrangement  of  fountain 
control  is  not  always  effective.  The  top  of  the  derrick,  blocks  and 
all,  is  sometimes  lifted  entirely  off  and  the  well  flows  wild  until 
it  sands  up  or  the  flow  has  weakened  sufficiently  to  allow  the 
blocks  to  be  replaced.  The  derricks  are  usually  set  on  embank- 
ments from  6  to  10  feet  high,  these  embankments  being  reinforced 
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with  pilings  lined  with  planks.  This  bank  is  necessary  to  allow 
the  oil  to  flow  away  from  the  well  and  to  give  space  for  the  handling 
of  the  large  amount  of  sand  that  some  of  the  ^yeIls  produce. 

Fig.  36-b  is  an  exact  copy  of  the  record  of  six  wells  in  the 
Balachany  field.    It  shows  the  average  condition  of  producing  wells 


drilled  by  the  Russian  method.  In  general,  the  formation  to  1100 
feet  is  clay,  shale  and  sandy  shale.  Below  1100  feet  there  is  also 
soft  limestone,  soft  sandstone  and  hard  shale.  There  are  no  thick 
layers  of  hard  rock.  Sand,  entirely  uncemented,  is  seldom  found 
except  in  thin  layers  between  layers  of  shale. 

The  Russian  riveted  casing  is  far  from  water-tight,  which  ac- 
counts for  the  large  amount  of  cement  put  in  around  the  casing. 
Sometimes  it  is  necessary  to  fill  the  casing  with  clay  before  the 
liquid,  cement  will  remain  behind  the  casing  long  enough  to  set. 
The  cement  is  put  in  with  a  pump,  1  or  IJ^-inch  pipes  being  in- 
serted between  the  casings  to  convey  it  to  its  place. 

The  Russian  method  of  drilling  makes  use  of  steel  poles  to 
actuate  the  tools  but  differs  from  the  Canadian  system,  which  also 
used  poles  of  wood  or  iron,  in  that  a  "free-fall"  is  used  above  the 
tools  instead  of  the  tools  dropping  with  the  rods.  This  free-fall 
picks  up  the  tools  at  the  bottom  of  the  stroke  and  releases  them 
at  the  top  of  the  stroke,  allowing  them  to  fall  free  to  the  bottom 
of  the  hole.  Thus  the  fall  is  limited  to  the  length  of  the  stroke  of 
the  walking  beam  and  differs  from  the  American  cable  tool  system 
where  the  fall,  due  to  the  elasticity  of  the  drilling  cable,  may  be 
several  times  the  stroke  of  the  beam. 

The  Russian  drilling  machine  is  a  slow  ponderous  machine, 
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very  heavy  and  very  hard  to  handle,  transport,  and  install.  The 
large  starting  diameters  are  necessary  because  of  the  large  number 
of  strings  of  casing  used  and  the  large  oil  string  necessary  for 
producing  by  bailing.     Also,  there  are  several  producing  horizons. 


and  wells  are  drilled  large  into  the  first  horizon  so  that  later  they 
may  be  deepened.  Casing,  both  Russian  riveted  and  screwed,  is 
lowered  by  means  of  clamps  somewhat  on  the  style  of  the  American 
casing  clamp.  The  Russians  have  never  developed  nor  learned  to 
use  elevators,  spiders  and  slips,  casing  tongs,  or  other  modern 
oil  well  tools,  except  when  these  tools  have  been  brought  in  with 
American  machinery  and  used  by  American  drillers.  The  casing 
is  always  carried  with  the  tools  in  the  Russian  system.     The  bit 
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is  seldom  advanced  more  than  20  feet  beyond  the  shoe.     Under- 
reaming  is  practiced  to  a  large  extent. 

Mr.  Knapp  submits  a  drilling  record  of  one  well  drilled  to  1687 
feet  which  took  730  days  distributed  as  follows : 

Days  at  work  730 

Days  of  drilling  lS8orl8.2% 

Days  lowering  casing  98  or  14.0% 

Days   idle  28  or    0.4% 

(Does  not  include  60  days  spent  in  bringing  well  in.) 
Average  advance  per  day  of  actual  drilling,  13.2  feet. 


Method  of  Drilling  in  Roumania 

The  common  method  of  drilling  wells  in  the  Filipesti  field  in 

Roumania  is  described  in  a  communication  addressed  to  the  author 

from  Mr.  Carl  Tresfon,  an  employe  of  the  Astra  Romana.     The 

Pennsylvanian,  Rotary,  Canadian  and  Astra  Spielung  systems  are 
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in  use  but  the  Canadian  and  Astra  systems  are  most  common. 
(See  Fig.  37.) 

A  very  large  drilling  engine  is  used  to  drive  a  5-foot  band  wheel. 
The  bull  wheels  are  driven  off  of  the  band  wheel  with  chain  trans- 
mission instead  of  using  bull  ropes.  Hollow  drill  rods  are  used 
instead  of  drilling  cable  and  these  are  connected  with  a  rotary 
swivel  so  that  mud  is  kept  circulating  as  drilling  proceeds.  While 
drilling  is  going  on  a  man  on  the  derrick  floor  is  constantly  em- 
ployed in  turning  the  rods  with  a  casing  pole  and  neverslips. 
This  imparts  the  necessary  turning  motion  to  the  drill.  The  drill- 
ing tools  are  suspended  from  a  heavy  tubing  line  and  block  and  get 
their  up  and  down  motion  from  a  jerk  line  attached  to  the  crank 
somewhat  as  shown  in  the  attached  drawing.  It  usually  takes 
about  one  and  one-half  days  to  pull  out  and  change  the  bit  and 
this  is  done  about  once  a  week. 

In  running  casing  they  use,  ordinarily,  two  six-sheave  casing 
blocks.  Inserted  joint  casing  is  used  most  commonly  and  hence 
no  elevators  can  be  employed.  This  makes  the  operation  of  land- 
ing a  string  of  casing  a  very  slow  and  tedious  job. 

The  whole  derrick  is  boarded  in  against  the  severe  weather  and 
to  save  production.  When  the  well  flows  they  use  a  large  cast  iror 
bell  weighing  six  or  seven  tons.     This  is  hung  over  the  hole. 

The  average  progress  while  drilling  is  around  30  feet  in  twenty- 
four  hours. 

BILLS  OF  MATERIAL  FOR  DERRICKS  AND 

STANDARD  RIGS 

Rotary  Derricks 


72   FEET  HIGH,  22   FEET  BASE 


4  pieces  10x10  in.  x  22  ft.  for  sills 

10  pieces  2x12  in.  x  22  ft.  for  floor  joists 

35  pieces  2x  9  in.  x  22  ft.  for  floor 

4  pieces  2x12  in.  x  40  ft.  lor  legs 

4  pieces  2x12  in.  x  34  ft.  for  legs 

4  pieces  2x10  in.  x  40  ft.  for  legs 

4  pieces  2x10  in.  x  34  ft.  for  legs 

4  pieces  2x12  in.  x  20  ft.  for  girts 

4  pieces  2x12  in.  x  18  ft.  for  girts 

4  pieces  2x12  in.  x  16  ft.  for  girts 

4  pieces  2x12  in.  x  14  ft.  for  girts 

4  pieces  2x12  in.  x  12  ft.  tor  girts 

4  pieces  1x12  in.  x  10  ft.  for  girts 

2  pieces  1x12  in.  x  16  ft.  for  girts 


2  pieces  1x12  in.  x  12  ft.  for  girts 
1  piece  1x12  in.  X  16  ft.  for  girts 
8  pieces  Ix  6  in.  x  ?0  ft.  for  braces 
8  pieces  Ix  6  in.  x  18  ft.  for  braces 
8  pieces  Ix  6  in.  x  16  ft.  for  braces 
8  pieces  Ix  6  in.  x  14  ft.  for  braces 
8  pieces  Ix  6  in.  x  12  ft.  for  braces 
4  pieces  Ix  6  in.  x  18  ft.  for  braces 
4  pieces    Ix  6  in.  x  14  ft.  for  braces 

1  piece      2x12  in.  x  12  ft.  for    pulley 

2  pieces    4  x4  in.  x  10  ft.  for    pulley 
144  lineal  ft.  2  in.  x  4  in.  for  ladder 
144  lineal  ft.  1  in.  x  4  in.  for  ladder 

Total,  4625  feet.     100  lbs.  nails. 


blocks 
blocks 


Estimated  weight,   18,000  lbs. 
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6  pieces  10x10  in. 
8  pieces  8x10  in. 
8  pieces  2x12  in. 
24  pieces  2x12  in. 
4  pieces    2x12  in. 


106  PBBT  HIGH,  24  FEET  BASE 


4  pieces 

22  pieces 

4  pieces 

24  pieces 

56  pieces 

2  pieces 

4  pieces 

4  pieces 

4  pieces 

8  pieces 

20  pieces 

10  pieces 

8  pieces 

16  pieces 

8  pieces 


2x12  in. 

X  18  ft. 

2x12  in. 

X  16  ft. 

2x12  in. 

X  20  ft. 

2x10  in. 

X  16  ft. 

2x10  in. 

X  16  ft. 

2x10  in. 

X  26  ft. 

2x12  in. 

X  24  ft. 

2x12  in. 

X  22  ft. 

2x12  in. 

X  20  ft. 

2x12  in. 

X  18  ft. 

2x12  in. 

X  16  ft. 

2x  8  in. 

X  24  ft. 

2x  8  in. 

X  22  ft. 

2x  8  in. 

X  20  ft. 

2x  6  in. 

X  18  ft. 

X  26  ft.  for  bottom  sills 
X  26  ft.  for  top  sills 
X  24  ft.  for  foundation 
X  24  ft.  for  floor        [blocks 
X  24  ft.  extension  for 

[pumps 

for  starting  legs 

for  legs 

for  legs 

for  legs 

for  doubters 

for  V  board 

for  girts 

tor  girts 

for  girts 

for  girts 

for  girts 

for  braces 

for  braces 

for  braces 

tor  braces 

Estimated  weight. 


2x 

6 

in. 

x  16  ft. 

2x 

6 

in. 

X  14  ft. 

2x 

6 

in. 

x  12  ft. 

2x 

6 

in. 

X  10  ft. 

2xip 

in. 

X  20  ft. 

Sx 

5 

in. 

X  16  ft. 

2x 

4 

in. 

X  16  ft. 

Ix 

4 

in. 

X  16  ft. 

Ix 

6 

in. 

X  16  ft. 

3x12 

in. 

X  24  ft. 

1 6  pieces 
8  pieces 

16  pieces 
8  pieces 
8  pieces 

3  pieces 
12  pieces 
10  pieces 

4  pieces 
3  pieces 


2  pieces 
2  pieces 
2  pieces 
2  pieces 
4  pieces 
Total,  11.780  feet 
100  lbs.  30d  nails 
200  lbs.  20d  nails 
50  lbs.  lOd  nails 

45,550  lbs. 


2x12  in.  X  22  ft. 
2x12  in.  X  20  ft. 
2x12  in.  X  16  ft. 
2x12  in.  X  12  ft. 
2x10  in.  X  16  ft. 


for  braces 

for  braces 

for  braces 

for  braces 

for  top 

for  gin  pole 

for  ladder 

for  ladder 

for  ladder 

for  head  board  to 

[set  up  hoists 
for  swivel  boards 
for  double  boards 
for  triple  boards 
quadruple  b'ds 
for  finger  boards 


88  FEET  HIGH,  22  FEET  BASE 


10  pieces  8x10  in.  x  22  ft.  for  sills 
4  pieces  2x10  in.  x  18  ft.  for  starting  legs 
4  pieces    2x  8  in.  x  20  ft.  start    &   stop   legs 
6  pieces  2x10  in.  x  24  ft.  for  bottom  doublers 

[and   V  boards 
45  pieces  2x10  in.  x  16  ft.  for  legs  and  girts 
60  pieces  2x  8  in.  x  161  ft.  far  legs  &  doublers 

8  pieces  2x12  in.  x  20  ft.  for  first  set  girts      * 

[and  swivel  boards 
26  pieces  2x12  in.  x  22  ft.  for  floor 

9  pieces  2x  6  in.  x  22  ft.  for  braces 

Estimated  weight 


8  pieces    2x  6  in.  x  20  ft.  for  braces 
8  pieces  2x  6  in  x  18  ft.  for  braces 
6  in.  X  16  ft.  for  braces 


16  pieces  2x 
8  pieces  2x 

16  pieces  2x 
8  pieces  Ix 

10  pieces  2x 
7  pieces  Ix 


14  ft.  for  braces 
12  ft.  for  braces 
16  ft.  for  braces,  etc 
16  ft.  for  ladder 
1 6  ft.  for  ladder  strips 
8  pieces    2x10  in.  x  20  ft.  for  derrick  top 
3  pieces  4x  4  in.  x  14  ft.  for  gin  poles 
Total.  7500  feet.     150  lbs.  nails. 


6  in.  X 
6  in.  X 
6  in.  X 
4  in.  X 
4  in.  X 


29,000  lbs. 


16  p 
44  p 
legs, 

5p 

4 
60 

6 
12 
74 

8 

6 

8 

4 
17 


P 
P 
P 
P 
P 
P 
P 
P 
P 
P 


LOUISIANA  TYPE 

112  FEET   HIGH,  24   FEET  BASE 

eces  8x10  in.  x  24  ft.  for  sills  8  pieces 

eces  2x12  in.  x  24  ft.  tor  floor,  starting  16  pieces 

extension  for  pumps,  foundation  blocks  16  pieces 

eces  2x12  in.  x  22  ft.  for  first  girts  17  pieces 

eces  2x10  in.  x  20  ft.  for  girts  8  pieces 

eces  2x10  in.  x  16  ft.  for  girts  and  legs  3  pieces 

eces  2x12  in.  x  20  ft.  for  legs  14  pieces 

;eces    2x10  in.  X  18  ft.,    legs    &    doublers  10  pieces 

eces    2x  8  in.  x  16  ft.,    legs    &    doublers  2  pieces 

eces  2x  8  in.  x  22  ft.  for  doublers  8  pieces 

X  24  ft.  for  doublers  Total,  1 

X  24  ft.  for  braces  100  lbs. 

X  20  ft.  for  braces  200  lbs. 

X  20  ft.  for  braces  25  lbs. 

Estimated  weight,   38,000   lbs. 

ENGINE  FOUNDATION 


eces  2x10  in. 
eces  2x  8  in. 
ces  2x  8  in. 
eces  2x  6  in. 


2x  6  in.  X 

18  ft. 

for  braces 

2x  6  in..x 

16  ft. 

for  braces 

2x  6  in.  X 

14  ft. 

for  braces 

2x  6  in.  X 

12  ft. 

tor  braces 

Ix  6  in.  X 

16  ft. 

for  braces  and 

top 

6x  6  in.  X 

14  ft. 

for  gin  pole 

2x  4  in.  X 

16  ft. 

for  ladder 

Ix  4  in.  X 

16  ft. 

for  ladder 

3x12  in.  X  24  ft.  hoist  headboards 

1x12  in.  X 

16  ft. 

extra 

1,274  feet 

30d  nails 

20d  nails 

lOd  nails 

2  pieces  16  in.  x  18  in.  x  14  ft.  mud  sills 
2  pieces  16  in.  x  16  in.  x  12  ft.  pony  sills 
2  pieces    8  in.  x  24  in.  x    9  ft.  split  block 


4 — }i  in.  X  24  in.  machine  bolt^  and  washers 
2 — ji  in.  X  tl  ft.  d.e.  bolts,  washers  &  nuts 
1  piece  1  in.  X  4  in.  X  2  10-12  ft.  steel  plate 


Cable  Tool  Rigs. 

Rigs  for  drilling  wells  in  North  Texas. — For  drilling  in  the 
North  Texas  deep  cable  tool  territory  where  very  long  strings  of 
pipe  are  used  a  very  heavy  rig  is  absolutely  necessary.   .Almost 
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everyone  is  using  for  this  purpose  an  84-foot  derrick  with  a  22-foot 
base.  For  the  deep  territory  of  Young  and  northern  Stephens 
County  the  derricks  should  all  be  twin-legged,  and  the  legs  should 
be  doubled  to  the  top  pi  the  rig.  These  rigs  should  also  be  sway- 
braced.  However,  sway-bracing  is  not  necessary  in  the  territory 
where  the  wells  are  not  to  be  drilled  to  a  greater  depth  than  3000 
feet,  such  as  Desdemona. 

The  following  is  a  complete  bill  of  material  for  an  84x22-foot 
sway  braced  rig: 


PINE  LUMBER. 


Dimensions 

•icccs 

in.  in.  ft. 

Board  Feet 

25 

2x12x22 

1100 

1 

10 

2x10x20 

333 

1 

30 

2x12x20 

1200 

1 

18 

2x  8x20 

480 

1 

16 

2x12x18 

576 

4 

12 

2x  6x20 

240 

3 

30 

2x  6x16 

480 

4 

16 

2x  6x14 

224 

1 

30 

2x  4x16 

320 

1 

10 

2x  4x12 

80 

4 

16 

2x  8x18 

341 

4 

20 

Ix  6x16 

160 

2 

100 

2x12x16 

3200 

(S 

45 

2x10x16 

1200 

2 

75 

2x  8x16 

1602 

4 

100 

1x12x16 

1600 

50 

1x12x18 

900 

50 

1x12x20 

1000 

70 

1x12x14 

980 

70 

1x12x12 

840 

2 

4x  4x16 

43 

16,899 


EXTRA  FOR  SWAY-BRACING 


Pimenstons 

Pieces 

in.  in.  It. 

Board  Feet 

16 

2x10x22 

588 

18 

2x10x20 

600 

12 

2x10x16 

320 

8 

2x  8x20 

292 

8 

2x  8x18 

213 

8 

2x  8x16 

171 

PINE  TIMBERS 

Dimensions 
Pieces  in.  in.  ft. 

Beam    14x24x24 

Main    sill    16x16x28 

Sub    sill    16x16x16 

Sampson   post    16x16x16 

Mud    sills    16x16x18 

Mud    sills    16x16x14 

P.    &  C.    sills 12x12x12 

Reel    sill   and   post 12x12x18 

Bunting   pole    6x  8x22 

Braces     6x  8x14 

Braces    6x  8x16 

Side    sills     10x10x24 

Derrick    sills     8x10x22 

Engine  blocks    10x20x10 

Casing   rack    8x  8x20 


OAK  TIMBERS 

Dimensions 
Pieces  in.  in.  ft. 

1  Jack    post    14x16x14 

2  Crown    blocks    6x16x16 

1   Bull    shaft     18x18x14 

1   Swing   lever    8x10x10 

4  B.   &  C.   posts 12x12x12 

1   Pitman    5x12x12 

1    Bumber     8x10x12 

1  Calf    wheel    shaft 18xl8x  6 

8  Keys    3x  5x14 


Board 
Feet 

824 
765 
341 
341 
1536 
896 
576 
216 
88 
224 
256 
400 
880 
267 
426 

8056 


Board 
Feet 

261 

256 

378 

67 

576 

60 

80 

128 

105 


1911 


Total  number  board  feet  pine  lumber. 26, 745 
Total  number  board  feet  oak  lumber..   1,911 


1,790 


Total  number  board  feet  for  rig 28,656 


This  list  does  not  include  lumber  for  boarding  up  cellar.  Cel- 
lars vary  in  depth  from  4  feet  to  30  feet.  Most  operators  drilling  in 
a  country  where  much  under-reaming  is  to  be  done,  like  a  cellar 
about  20   feet   deep  and  8x10   feet  in   area.     It   is   customary  to 
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board  the  cellar  up  with  2-inch  lumber  and  to  stand  a  lOxlO-inch 
timber  in  each  corner. 

Rig  irons. — With  the  above  outlined  bill  of  lumber  for  a  rig 
there  should  be  furnished  6-inch  rig  irons  such  as  are  marketed  by- 
all  of  the  large  oil  well  supply^  companies.  One  hears  numerous 
arguments  as  to  the  respective  merits  of  Oklahoma  and  California 
pattern  rig  irons.  However,  by  far  the  greater  number  of  rigs  be- 
ing built  at  present  are  using  the  California  pattern,  or  Ide^il,  rig 
irons,  and  there  is  no  question  but  what  they  are  giving  the  best 
service.  For  deep  wells  (3500  feet  and  over)  the  sand  reel  shaft 
should  be  5-inch  in  diameter  and  9  feet  long  or  the  great  weight  of 
sand  line  carried  is  apt  to  spring  it.  The  6-inch  by  10-foot  sand 
reel  shaft  with  double  brake  wheel  is  slowly  coming  into  use  for 
extra  deep  territory  where  much  bailing  is  necessary. 

The  chain-driven  calf  wheel  is  universally  employed  and  it  is 
only  rarely  that  the  old  rope-driven  calf  wheels  are  seen. 

It  is  the  opinion  of  the  writer  that,  in  the  Desdemona  pool, 
where  very  few  wells  reach  a  depth  of  over  2750  feet  and  no  very 
long  strings  of  pipe  are  handled,  lighter  and  cheaper  rigs  would  do 
the  work  just  as  well  as  the  present  heavy  ones.  There  is  no  rea- 
son why  a  standard  Cushing  rig  with  72-foot  derrick,  no  sway 
braces,  and  with  5-inch  rig  irons  will  not  do  the  work  satisfactorily. 

Steel  bull  wheels  and  calf  wheels. — Where  drilling  is  carried  to 
a  greater  depth  than  3500  feet  and  wooden  calf  and  bull  wheels 
are  used,  one  usually  sees  about  three  sets  of  bull  wheels 
and  possibly  two  worn-out  calf  wheels  lying  out  back  of  the  rig 
before  the  well  is  finished.  All  of  the  larger  companies  are  now 
using  steel  bull  and  calf  wheels.  One  of  these  wheels  will  drill 
eight  or  ten  wells  with  only  a  relining  of  the  brake  being  neces- 
sary. The  steel  bull  wheels  have  a  double  pressed  steel  tug  rim 
and  a  wood-lined  brake  wheel  with  10-inch  face.  These  wheels 
are  usually  8  feet  in  diameter. 

Steel  band  wheels  are  also  being  tried  out  by  some  of  the  larger 
companies  and  they  are  proving  very  satisfactory.  Some  of 
the  companies  are  using  steel  bull  and  calf  wheel  shafts  with  3x12- 
inch  wooden  arms  which  bolt  on.  These  are  quite  an  improvement 
over  the  wooden  wheels  but  the  wooden  tug  rim  on  the  bull  wheels 
is  very  prone  to  wear  out  after  drilling  a  well  or  so. 
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Imperial  Ideal  Rig* 

Timber  and  Lumber  Required  to  Build  a  Complete  Rig  Derrick 
82  Peet  High,  Base  20  Peet  Square 

The  sizes  of  timbers  may  be  varied  depending  upon  the  relative 
strength  of  the  material  as  compared  with  the  strength  of  the  tim- 
bers listed  below: 


FOR   MAIM   FOUHDATIOM 


No.         Piece 

inch» 

fiel 

N.me 

Kind  of  wood 

1               1 

16x16 

30 

Main  sill 

Oregon  pine 

2              1 

16x16 

20 

Sub  sill 

Oregon  pine 

i              2 

16x!6 

6 

Jack  posts 

Oregon  pine 

16x16 

12 

Tail  sill 

Oregon  pine 

16x16 

16 

Sampson  post 

Oregon  pine 

6-7            2 

16x16 

6 

Knuckle  and  tail  post 

Oregon  pine 

8             1 

16x16 

5 

Back  brake 

Oregon  pine 

9             1 

6x  e 

10 

Back  brake  support 

Oregon  pine 

10             1 

14x30 

26 

Walking   beam 

tl-12        2 

6x  6x16 
Oil  WeU  Su 

14 
jplj  Co. 

Pitman  and  swing  lever 

Oregon  pine 

'Conrteiy 
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FOR  MAIN  FOUNDATION.— Continued. 


Illustration 

Size, 

Length, 

• 

No. 

Pieces 

inches 

feet 

Name 

Kind  of  wood 

13 

1 

2x14 

5 

Top  of  beam 

Oak 

14 

4 

16x16 

16 

Mud  siUs 

Redwood 

15 

1 

14x14 

14 

Nose  sills 

Redwood 

16 

5 

3x12 

22 

For  under  mud  sills 

Redwood 

24 

2^x4-4x4 

22 

Keys  for  rig 

Oregon  pine 

18 

1 

6x  6 

30 

FOR  ] 

Bunting   pole 
ENGINE  HOUSE 

Oregon  pine 

19 

2 

16x16 

16 

Mud  sills 

Redwood 

20 

2 

14x14 

12 

Pony  sills 

Oregon  pine 

21 

1 

24x24 

9 

Engine  block 

Oregon  pine 

-      2 

•  2x  6 

12 

Frame 

Oregon  pine 

3 

2x  6 

14 

Frame 

Oregon  pine 

2 

2x  4 

14 

Frame 

Oregon  pine 

2 

2x  4 

12 

Frame 

Oregon  pine 

12 

1x10 

14 

Flooring 

Oregon  pine 

64 

1x10 

8 

Flooring  siding 

Oregon  pine 

4 

1x10 

12 

Flooring  gables 

Oregon  pine 

2 

1x10 

10 

Flooring  gables 

Oregon  pine 

2 

Ix  6 

16 

Flooring  gables 

Oregon  pine 

17 

1x10 

16 

Roofing 

Oregon  pine 

16 

Ix  6 

16 

FOR 

Roofing 
BELT   HOUSE 

Oregon  pine 

1 

2x10 

26 

Bottom  plate 

Oregon  pine 

1 

2x10 

22 

Bottom  plate 

Oregon  pine 

5 

2x  6 

26 

Top  plate 

Oregon  pine 

2 

2x  6 

20 

Top   and  brace 

Oregon  pine 

1 

4x  6 

16 

Brace 

Oregon  pine 

30 

1x10 

10 

Siding 

Oregon  pine 

30 

1x10 

12 

Siding 

Oregon  pine 

5 

1x10 

12 

Flooring 

Oregon  pine 

5 

1x10 

14 

Flooring 

Oregon  pine 

•5 

1x10 

16 

Flooring 

Oregon  pine 

30 

1x10 

9 

Roofing 

Oregon  pine 

20 

1x10 

6 

Roofing 

Oregon  pine 

20 

Ix  6 

6 

Roofing 

Oregon  pine 

30 

Ix  6 

9 

Roofing 

Oregon  pine 

FOR  DERRICK 

22 

2 

8x10 

22 

Side  sills 

Oregon  pine 

23 

7 

8x  8 

20 

Sills 

Oregon  pine 

24 

40 

3x12 

^ 

5 

Blocking  for  corner  under 

dk.     Redwood 

25 

16 

3x12 

4 

Blocking  for  corner  under 

dk.     Redwood 

26 

4 

14x14 

4 

Blocking  for  corner  under  dk.     Redwood 

27 

2 

12x12 

16 

Casing  sills  under  dk. 

Redwood 

28 

25 

2x12 

20 

Flooring 

Oregon  pine 

16 

2x12 

18 

Girts 

Oregon  pine 

5 

2x12 

20 

Water  table  and  top 

Oregon  pine 

4 

2x10 

18 

Bottom    legs 

Oregon  pine 

4 

2x  8 

26 

Bottom   legs 

Oregon  pine 

29 

16 

2x  8 

16 

Legs 

Oregon  pine 

29 

60 

2x10 

16 

Legs  and  doubler 

Oregon  pine 

DRILLING  METHODS 


Fig. 

9-In,pcH. 

Ideal  RJE  Comlruclion  Plin. 

FOR  DB 

RRICK.— Continiicd. 

Silt, 

Leng.h, 

iocho 

teet 

Name 

Kind  of  wood 

2x10 

24 

Doubler 

Oregon  pine 

2x  4 

16 

Ladder 

Oregon  pine 

1x12 

16 

Girts 

Oregon  pine 

Ix  6 

16 

Braces  and  ladder  strip 

Oregon  pine 

2x  6 

20 

Braces  and  ladder  strip 

Oregon  pine 

2x  6 

18 

Braces   and  ladder  strip 

Oregon  pine 

4x  6 

16 

Roof  stringers 

Oregon  pine 

10x12 

7 

Top  bumper 

Oregon  pine 

6x16 

16 

Crown  block 

Oregon  pine 

6x  6 

12 

Crown  block 

Oak 

1x10 

14 

Rooting 

Oregon  pine 

1x10 

20 

Roofing 

Oregon  pine 

1x  6 

16 

Battens 

Oregon  pine 

ix  6 

14 

Battens 

Oregon  pine 

1x10 

20 

Forge  house 

Oregon  pine 

1x10 

14 

Forge  house 

Oregon  pine 

1x10 

20 

Siding 

Oregon  pine 

Sx  8 

16 

Crane  post 

Oregon  pine 

6x  6 

16 

Blocking 

Redwood 

1x10 

16 

Roofing 

Oregon  pine 

PETROLEUM  PRODUCTION  METHODS 

FOR  BULL  WHEELS 


12x12 

It 

Posts 

16x16 

14 

Shaft 

2/jxl2 

18 

Arms— Surfaced  4  sidt 

2!/,x  8 

8 

Cants— Plain 

2'/,x  8 

8 

Cant  s — V-  grooved 

U  B 

8 

V4x  9 

Hardwood  pins 

4x  6 

14 

Brace 

1x10 

16 

Ix  6 

16 

House 

IxlO 

!0 

House 

^T^. 

Idfal   Rig 
king  Parti 

Fig.  4l-lmperi. 
Const  rue  tio 

CALF  WHEELS 

18x18 
12x12 

2^x12 

2'/2X  8 

Ix  8 

6 
12 
16 

7 'A 
7'A 

Shaft 

Posts 

Arms — Surfaced  4   side; 

Cants 

Cants- Surfaced  1  side 

DRILLING  METHODS 
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BAND  WHEEL 


Illastration 
No.  Pieces 

22 


24 

8 

16 

24 


Size, 
inches 

2x12 

2x  8 
2/2X  8 
2^x  8 

Ix  8 


Len^rth, 
feet 

16 

10 
7 
7 
7 


Name  Kind  of  wood 

Lumber  for  bank  wheel  

surfaced  on   1  side  

Cants — Plain  

Cants — Plain  

Cants — V-grooved  

Cants — Plain  


36 

37 


2 
1 
6 

2 

5 

14 
8 


6x  8 
6x  8 
4x  6 
4x  6 
6x  8 
4x  6 
2x12 
2x12 


ADDITIONAL 

16  Braces  for  samson  post       Oregon  pine 

16  Headache  post  Oregon  pine 

20  Stringer  for  walk  &  braces  Oregon  pine 

18  Stringer  for  walk  &  braces  Oregon  pine 

20  Casing  rack  Oregon  pine 

8  For  walk  ..  ..        ..Oregon  pine 

20  For  walk  Oregon  pine 

20  Sump  boxes  Oregon  pine 


300  feet  extra  1-inch  by  16-foot  pine  for  rigging  up. 

Combination  Rig^ 

Timber  and  Lumber  Required  to  Build  a  Complete  Combination  Rig 
Derrick  106  Feet  High,  Base  24  Feet  Square 
The  sizes  of  timbers  may  be  varied  depending  upon  the  relative 

strength  of  the  material  as  compared  with  the  strength  of  the  tim- 
bers listed  below :  ' 

FOR  MAIN  FOUNDATION 


Illustration 

Size. 

Length, 

No. 

Pieces            inches 

feet 

Name 

Kind  of  wood 

1 

1 

16x16 

30 

Main  sill 

Oregon  pine 

2 

1 

16x16 

20 

Sub  sill 

Oregon  pine 

3 

1 

16x16 

1-2 

Tail  sill 

Oregon  pine 

4 

1 

16x16 

16 

Samson   post 

Oregon  pine 

5 

2 

16x16 

6 

Jack  posts 

Oregon  pine 

6-7 

2 

16x16 

6 

Knuckle  and  tail  posts 

Oregon  pi-fie 

8 

1 

16x16 

5 

Back  brake 

Oregon  pine 

8 

1 

6x  8 

12 

Back  brake  support 

Oregon  pine 

9 

1 

14x30 

26 

Walking  beam 

Oregon  pine 

10-11 

4  •<% 

2 

6x6x6x16 

14 

Pitman  and  swing  lever 

Oregon  pine 

12 

1 

2x14 

5 

For  ends  of  beam 

Hardwood 

13 

1 

6x  6 

30 

Hunting  pole 

Oregon  pine 

13 

«   m 

32: 

2i^x4-4x  4 

22 

Keys 

Oregon  pine 

15 

4 

16x16 

16 

Mud  sills 

Redwood 

16 

4  •■ 

1 

14x14 

14 

Nose  sill 

Redwood 

17 

5 

3x12 

22 

For  under  mud  sills 

Redwood 

1 

FOR  DERRICK 

18 

2 

12x12 

26 

Side   sills 

Oregon  pine 

19 

8 

10x12 

24 

Sills 

Oregon  pine 

20 

24 

3x12 

6 

Blocking   for  corners 

Redwood 

21 

20 

3x12 

5 

Blocking   for   corners 

Redwood 

21 

16 

3x12 

4 

Blocking   for  corners 

Redwood 

'Courtesy  Oil  Well  Supply  Co. 
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Illmitration 

^O'  Pieces 

23  4 

24  2 
24  2 
2f>  30 
27  12 
27  16 

27     42 

5 
29      4 

29      4 
^     29 

^  12 

29  12 

29  29 

31  16 

32  60 

33  16 
33  16 

33  16 

34  16 
16 
16 
16 
16 
16 
16 
16 
16 

2 
2 

35  2 

36  2 

37  4 

50 
10 
50 
30 
25 

38  2 
38  1 
3H  1 

40  16 

41  1 
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42 

•  • 

44 
45 


> 

1 

6 
6 


Size, 
inches 

14x14 
14x14 
8x10 
2x12 
2x12 
2x12 
2x12 
2x12 

l/axl2 

2x12 

2x12 

2x10 

2x10 

2x12 

2x12 

2x12 

2x12 

2x  4 

iy2x  6 

2x  6 
2x  6 
2x  6 

2x  6 

2x  6 

2x  6 

2x  6 

2x  6 

2x  6 

2x12 

2x12 

2x12 
6x  6 
4x  6 
6x18 
6x16 
12x12 
1x10 
1x10 
1x10 
1x10 
1x10 
6x  8 


FOR  DERRICK.«Conrinued. 


6\ 
5x 
2\ 
8\ 


8 
8 
f) 
8 


lf>\lh 

3\1J 

U\U 

2K.M 

J\  (» 

2\  4 


Length, 
feet 


4 
18 
20 
24 

24 
22 

20 

18 

18 

16 

20 

20 

26 

16 

16 

24 

18 

16 

16 

16 

18 

20 

22 

24 

16 

18 

20 

22 

24 

18 

20 

22 

22 

20 

16 

12 

7y, 

14 
20 

16 
2> 

24 
16 
16 
16 
2(> 
24 


Name 

Blocking 

Casing    sills 

Posts 

Derrick  floor 

Girts 

Girts 

Girts 

Girts 

Girts 

Girts 

Top  and  water  table 

Bottom  legs 

Bottom   legs 

Legs 

Legs 

Doublers 

Doublers 

Doublers 

Ladder 

Braces  and  ladder  strip 

JB  races 

Braces 

Braces 

Braces 

Sway  braciTig 

^vvay  bracing 

Sway  bracing 

Sway  bracing 

Sway  bracing 

Sway  bracing 

Sway  bracing 

Sway  bracing 

goof   rollers 

^oof  stringers 

^rown   block 

^rown  block 

Bumpers  for  crown  block 

Roof 
Roof 

Pump  shed  siding 
Punip  shed  sidini 
Samson   post  braces 
Headache  post 
^rane  post 
Vj^-ay  bracing 
^V'Otary  girt  " 


POR  ENGINE  HOUSE 
\l'  ,Mud  sills 

W  \>y  sills 

,_  :"«ine  block 

'^^  Kranio 


Kind  of  v9oi 

Redwood 
Redwood 
Redwood 
Oregon  pine 
Oregon  p:r.e 
Oregon  pre 
Oregon  pine 
Oregon  pine 
Oregon  pine 
Oregon  pine 
Oregon  pine 
Oregon  pine 
Oregon  pine 
Oregon  pine 
Oregon  pine 
Oregon  pine 
Oregon  pine 
Oregon  pine 
Oregon  pine 
Oregon  pine 
Oregon  pine 
Oregon  pine 
Oregon  pine 
Oregon  pine 
Oregon  pine 
Oregon  pine 
Oregon  pine 
Oregon  pine 
Oregon  pine 
Oregon  pine 
Oregon  pine 
Oregon  pine 
Oregon   pine 
Oregon   pine 
Oregon   pine 
Oak 
J^jregon   pine 
Oregon   p,-„e 
Oregon   pine 
Oregon   pine' 
Oregon  pi^e 
Oregon  pine 
Oregon   pine 
Oregon  pine 
Oregon  pine 
Oregon  pine 
Oregon   pine 


Redwood 
Redwood 
Oregon  pine 
^r^regon  pine 
Oregon  pine 
Oregon   pine 


DRILLING  METHODS 


llluit 

5J», 

Length, 

No. 

Pi«t» 

(«. 

Name 

Kind  of  w« 

20 

1x10 

16 

Flooring 

Oregon  p 

64 

IxlO 

8 

Siding 

Oregon  p 

4 

1x10 

16 

Gables 

Oregon  p 

4 

1x10 

12 

Gables 

Oregon  p 

40 

1x10 

10 

Roofing 

Oregon  p 

24 

1x6 

10 

Battens 

Oregon  p 

m 


tte 


r^=; 69e 

Fig.  42— Combinalion  Rig 

ComtruciL 

PUn. 

FOR 

BELT   HOUSE 

Rig  ConjiniciLon   PI 

2 

2x10 

26 

Bottom  plate 

Oregon  pi 

1 

2x10 

22 

Bollom  plalc 

Oregon  pi 

2x10 

26 

Stringers 

Oregon  pi 

2 

2x10 

20 

Stringers  and  bract 

Oregon  pi 

80 

1x10 

10 

Siding  and  roofing 

Oregon  pi 

30 

1x10 

12 

Siding  and  roofing 

Oregon  pi 

5 

1x10 

24 

Siding  and  roofing 

Oregon  pi 

10 

1x10 

12 

Siding  a^d  roofing 

Oregon  pi 

5 

1x10 

16 

Siding  and  roofing 

Oregon  pi 

40 

1x10 

8 

Roofing 

Oregon  pi 

144 
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FOR  DERRICK.— Continued. 


Illustration 

Size, 

Length, 

No. 

Pieces 

inches 

feet 

Name 

Kind  of  wood 

23 

4 

14x14 

4 

Blocking 

Redwood 

24 

2 

14x14 

18 

Casing    sills 

Redwood 

24 

2 

8x10 

20 

Posts 

Redwood 

26 

30 

2x12 

24 

Derrick  floor 

Oregon  pine 

27 

12 

2x12 

24 

Girts 

Oregon  pine 

27 

16 

2x12 

22 

Girts 

Oregon  pine 

27 

12 

2x12 

20 

Girts 

Oregon  pine 

27 

12 

2x12 

18 

Girts 

Oregon  pine 

27 

12 

vMn 

18 

Girts 

Oregon  pine 

27 

42 

l}4xl2 

16 

Girts 

Oregon  pine 

•  • 

5 

2x12 

20 

Top  and  water  table 

Oregon  pine 

29 

4 

2x12 

20 

Bottom   legs 

Oregon  pine 

29 

4 

2x10 

26 

Bottom   legs 

Oregon  pine 

29 

29 

2x10 

16 

Legs 

Oregon  pine 

29 

35 

2x12 

16 

Legs 

Oregon  pine 

29 

12 

2x12 

24 

Doublers 

Oregon  pine 

29 

12 

2x12 

18 

Doublers 

Oregon  pine 

29 

29 

2x12 

16 

Doublers 

Oregon  pine 

31 

16 

2x  4 

16 

Ladder 

Oregon  pine 

32 

60 

I5/2X  6 

16 

Braces  and  ladder  strip 

Oregon  pine 

3Z 

16 

2x  6 

18 

Braces 

Oregon  pine 

ZZ 

16 

2x  6 

20 

Braces 

Oregon  pine 

Z^ 

16 

2x  6 

22 

Braces 

Oregon  pine 

34 

16 

2x  6 

24 

Braces 

Oregon  pine 

16 

2x  6 

16 

Sway  bracing 

Oregon  pine 

16 

2x  6 

18 

Sway  bracing 

Oregon  pine 

16 

2x  6 

20 

Sway  bracing 

Oregon  pine 

16 

2x  6 

22 

Sway  bracing 

Oregon  pine 

16 

2x  6 

24 

Sway  bracing 

Oregon  pine 

16 

2x12 

18 

Sway  bracing 

Oregon  pine 

16 

2x12 

20 

Sway  bracing 

Oregon  pine 

16 

2x12 

22 

Sway  bracing 

Oregon  pine 

2 

6x  6 

22 

Roof   rollers 

Oregon  pine 

2 

4x  6 

20 

Roof  stringers 

Oregon  pine 

35 

2 

6x18 

16 

Crown  block 

Oregon  pine 

36 

2 

6x16 

12 

Crown  block 

Oak 

Z7 

4 

12x12 

7/. 

Bumpers  for  crown  block 

Oregon  pine 

50 

1x10 

14 

Roof 

Oregon  pine 

10 

1x10 

20 

Roof 

Oregon  pine 

50 

1x10 

16 

Roof 

Oregon  pine 

30 

1x10 

22 

Pump  shed  siding 

Oregon  pine 

25 

1x10 

24 

Pump  shed  siding 

Oregon  pine 

38 

2 

6x  8 

16 

Samson  post  braces 

Oregon  pine 

38 

1 

6x  8 

16 

Headache  post 

Oregon  pine 

38 

1 

5x  8 

16 

Crane  post 

Oregon  pine 

40 

16 

2x  6 

26 

Sway  bracing 

Oregon  pine 

41 

1 

8x  8 

24 

Rotary  girt 

Oregon  pine 

FOR 

ENGINE  HOUSE 

- 

42 

2 

16x16 

16 

Mud  sills 

Redwood 

•  • 

2 

3x12 

16 

Under  mud  sills 

Redwood 

44 

2 

14x14 

14 

Pony  sills 

Oregon  pine 

45 

1 

24x24 

9 

Engine  block 

Oregon  pine 

•  « 

6 

2x  6 

16 

Frame 

Oregon  pine 

m     m 

6 

2x  4 

16 

Frame 

Oregon  pine 

DRILLING  METHODS 


FOR  ENGINE  HOUSE- 


xT 

Pieces 

inchM 

Ictt   ' 

N.me 

Kind  of  wood 

20 

1x10 

16 

Flooring 

Oregon  pine 

64 

1x10 

8 

Siding 

Oregon  pine 

4 

1x10 

16 

Gables 

Oregon  pine 

4 

1x10 

12 

Gables 

Oregon  pine 

40 

1x10 

10 

Roofing 

Oregon  pine 

24 

Ix  6 

10 

Battens 

Oregon  pine 

FOR 

BELT  HOUSE 

2x10 

26 

Bottom  plate 

Oregon  pi 

2x10 

22 

Bollom  plate 

Oregon  pi 

2x10 

26 

Stringers 

Oregon  pi 

2x10 

20 

Stringers  and  brace 

Oregon  pi 

1x10 

10 

Siding  and  roofing 

Oregon  pi 

IxlO 

12 

Siding  and  roofing 

Oregon  pi 

1x10 

24 

Siding  and  roofing 

Oregon  pi 

1x10 

12 

Siding  and  roofing 

Oregon  pi 

1x10 

16 

Siding  and  roofing 

Oregon  pj 

1x10 

8 

Roofing 

Oregon  pi 

PETROLEUM  PRODUCTION  METHODS 


Rooting  Oregon  pine 

Rooting  battens  Oregon  pile 

Roofing  battens  Oregon  pine 


FOR  ROTARY  ENGINE  FOUNDATION 

16x16            16  Mild  sills  Redwood 

3x12            16  Under  mud  sills  Redwood 

14x14               8  Pony  sills  Oregon  pine 

24x24             14  Engine  block  Oregon  pine 


ADDITIONAL 
I  Sump  boxes  Oregon  pine 

J  Siimp  boxes  Oregon  pi^c 

)  Stringers     for    walk    and 

braces  Oregon  pine 


DRILLING  METHODS 


ADDITIONAL.— Contin 

Si7.. 

LtWh, 

N»ne 

4x6 

4x  6 

2x12 

18 

8 
■   20 

Stringers 

braces 

For  walk 

For  walk 

\  of  1-inch  by  16-foot  Oregon  pine 


Kind  of  wood 

d 

Oregon  pine 

Oregon  pine 

Oregon  pine 

Oregon  pine 


Timber  and  Lumber  Required  To  Build  a  Complete  Combination  Rig 

Derrick  122  Peet  HiKb,  Base  24  Feet  Square 
Use  specifications  for  106-foot  rig  with  the  addition  of  the  fol- 
lowing : 


27              4           1^x12             16             Girls  Oregon  pine 

29             2             2x10            16            Legs  Oregon  pine 

29              4               2x12             16             Doublers  Oregon  pine 

32            16           I^x  6             16             Braces     for    derrick  and 

ladder   step  Oregon  pine 

Derrick  130  Peet  High,  Base  24  Feet  Square 
Use  Specifications  for  106-foot  rig  with  the  addition  of  the  fol- 
lowing : 


11^x12 

16 

Girts                                             Oregon  pine 

2x10 

16 

Legs                                        Oregon  pine 

2x12 

16 

Doublers                                     Oregon  pine 

lj^x6 

16 

Braces    for    derrick    and 
ladder  strip                           Oregon  pine 

148  PETROLEUM  PRODUCTION  METHODS 

The  Development  of  the  Steel  Drilling  Rig^ 

To  make  the  discussion  clear,  a  distinction  should  be  drawn  be- 
tween drilling  machines  and  drilling  rigs.  The  former  is  a  general 
designation  given  to  well-known  types  .of  drilling  equipment 
mounted  on  wheels  and  easily  portable  by  their  own  or  other 
power  from  place  to  place  without  disassemblement.  A  drilling 
rig  is  a  structure  with  its  mechanism  adapted  to  boring  holes  of 
great  depth  and  removable  from  place  to  place  only  by  disassemble- 
ment of  its  parts.  An  outfit  includes,  in  addition  to  the  derrick, 
machinery  supports,  wheels,  etc.,  the  boiler,  engine,  tools,  rope, 
casing,  and  whatever  materials  are  necessary  for  the  complete 
operation  of  sinking  holes.  The  steel  drilling  rig  discussed  in  this 
paper  is  the  structure  and  the  essential  operating  mechanism,  to- 
gether with  the  house  covering^  etc.,  but  does  not  include  the  drill- 
ing tools,  etc. 

There  are  three  distinct  types  of  rigs  in  use  in  the  United  States. 
The  standard  rig  was  first  developed  in  the  sinking  of  salt  wells 
in  the  Appalachian  district,  and  subsequently  improved  upon  in  its 
application  to  the  drilling  of  wells  for  oil  and  gas.  Its  prime  mover 
is  a  band  wheel ;  two  pulleys  are  used  on  the  crown  block,  and  the 
hoisting  is  done  by  a  single  bull  wheel. 

What  is  often  designated  in  the  Pacific  Coast  oil  fields  a  "stand- 
and  rig"  is  called  a  "California  rig"  in  this  paper.  It  is  essentially 
a  standard  or  Pennsylvania  rig  with  the  addition  of  a  calf  wheel  for 
hoisting  and  lowering  casing  and  additional  pulleys  on  the  crown 
block. 

The  rotary  rig  as  used  in  the  Gulf  Coastal  plain  consists  sub- 
stantially of  a  derrick  with  a  set  of  draw  works  and  with  a  rotary 
for  its  drilling  mechanism  in  place  of  cable  tools.  Rotary  derricks 
usually  have  five-pulley  crown  blocks.  The  ordinary  practice  in 
Texas  is  to  drill  the  well  with  the  rotary  and  after  completion  to 
install  the  main  operating  parts  of  a  standard  rig  to  be  used  in  the 
subsequent  operations  of  cleaning,  pulling  tubing,  deepening  the 
well,  etc.  A  completed  well  drilled  with  a  rotary,  when  equipped 
for  maintenance  is  fitted  up  substantially  in  the  same  manner  as  a 
well  drilled  with  a  standard  rig. 

Combination  rigs  are  designed  to  facilitate  the  speedy  inter- 
change of  cable  tools  or  rotary  in  the  actual  process  of  drilling. 


»By   R.  B.  Woodworth,  Trans  A.  I.  M.  E. 
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When  the  combination  is  made  of  a  rotary  rig  and  a  standard  rig, 
that  combination  is  ordinarily  designated  a  standard  combination 
rig.  When,  owing  to  drilling  conditions,  it  becomes  necessary  to 
utilize  a  calf  wheel,  or,  in  other  words,  to  design  a  structure  which 
permits  the  interchange  of  cable  tools  and  rotary  and  at  the  same 
time  utilizes  the  calf  wheel  for  casing  operations,  such  a  rig  is 
denominated  a  "California  combination  rig."  It  is  obvious  that 
this  type  of  rig  possesses  more  flexibility  than  any  of  the  other 
four,  and  it  becomes,  therefore,  the  most  complete  and  perfected 
class  of  drilling  equipment. 

With  these  distinctions  and  nomenclature  in  mind,  we  are  pre- 
pared to  take  up  the  development  and  the  gradual  perfection  of  the 
drilling  structure.  The  history  naturally  falls  into  four  general 
subdivisions : 

1.  Introduction  and  perfection  of  the  steel  derrick. 

2.  The  first  endeavors  to  construct  a  complete  rig. 

3.  The  completed  steel  rig  in  its  earlier  form. 

4.  The  extension  of  the  completed  rig  to  diversified  service. 

1.  Introduction  and  perfection  of  the  steel  derrick. — The  earliest 
appearance  of  the  structural  steel  derrick  known  to  me  is  in  a 
catalog  published  by  the  Oil  Well  Supply  Company  in  1892.  This 
was  72  feet  high,  made  with  steel  angle-legs,  steel  base  and  crown 
block,  and  with  diagonal  members  made  of  round  rods  and  adjust- 
able by  the  use  of  turnbuckles.  There  were  nine  panels.  One  of 
these  derricks  was  shipped  to  Australia  to  be  used  in  a  district 
where  wood  decayed  rapidly,  and  another  was  shipped  in  1894  to 
Teheran,  Persia.  They  also  appeared  in  the  Oil  Well  Supply 
Company's  catalog,  issue  of  1900,  and  in  a  catalog  issued  in  1897 
by  the  National  Tube  Works  in  French  and  English  and  intended 
for  circulation  abroad. 

It  is  probable  that  few  besides  these  two  were  constructed,  but 
in  1903  a  new  endeavor  to  introduce  structural  steel  derricks  was 
made.  In  that  year  the  Pittsburgh  plant  of  the  American  Bridge 
Company  built  derricks  for  the  Oil  Well  Supply  Company  in 
heights  of  50,  60  and  70  feet,  tower  fashion,  with  three,  four  and 
five  panels — that  is  to  say  panel  heights  on  an  average  were  17, 
15  and  14  feet.  The  same  year  the  Chester  B.  Albree  Iron  Works 
built  two  or  three  structural  steel  derricks  of  the  same  general 
design  on  the  order  of  the  National  Supply  Company  for  shipment 
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to  Vera  Cruz,  Mexico.  These  derricks  were  70  feet  8  inches  high, 
with  an  average  panel  height  of  14  feet.  In  that  same  year  the 
Carnegie  Steel  Company  built  12  derricks  for  the  South  Penn  Oil 
Company  and  the  Carnegie  Natural  Gas  Company.  These  der- 
ricks were  80  feet  in  height,  20  feet  base,  and  were  complete  in 
seven  panels  averaging  a  little  less  than  12  feet  in  height.  The 
derrick  and  base  weighed  24,000  pounds. 

These  three  lots  of  derricks  were  built  by  men  experienced  in 
structural  steel  work  but  without  intimate -acquaintance  with  oil 
field  practice.  While,  therefore,  they  proved  to  be  satisfactory  and 
were  moved  and  re-erected  in  the  drilling  of  more  than  one  well 
each,  they  were  not  adapted  for  economical  service;  neither  did 
they  conform  to  the  type  of  construction  with  which  rig  bunJers 
were  familiar. 

Their  performance  was  sufficiently  satisfactory,  ho\(^ever,  to 
indicate  that  a  satisfactory  derrick  might  be  constructed  at  a  rea- 
sonable cost,  and  the  designers  of  the  Carnegie  Steel  Company 
continued  to  work  on  the  problem  in  co-operation  with  the  officials 
of  the  Oil  Well  Supply]  Company.  A  revised  design  was  introduced 
in  1904.  Previous  designs  had  utilized  supporting  buttresses  out- 
side of  the  leg-sections  to  take  care  of  what  the  structural  steel 
men  considered  to  be  unbalanced  stresses;  in  this  design  these 
buttresses  were  eliminated  and  the  size  of  the  members  was  reduced 
so  as  to  make  a  lighter  structure. 

The  present  type  of  structural  steel  derrick  was  designed  in 
1908.  The  legs,  girts  and  braces  are  made  of  steel  angles.  The 
splices  were  originally  made  of  steel  plates.  The  splices  of  the 
most  modern  type  of  derrick  intended  for  use  in  comparatively 
easy  drilling  are  made  of  square-root  angles.  The  essential  dif- 
ferences between  present  practice  in  manufacture  and  the  practice 
in  1908  consists  in  the  treatment  of  the  joints  rather  than  in  the 
sizes  of  the  main  members.  The  number  of  bolts  at  a  joint  has 
been  reduced  to  8  and  the  total  number  per  panel  to  32.  The  dif- 
ference is  due  to  the  fact  that  the  dependence  for  the  transmission 
of  stress  from  one  leg-section  to  another  is  placed  on  perfection 
of  workmanship  and  not  on  the  transfer  of  loads  through  the  bolts. 
These  are  intended  to  be  of  ample  strength  for  the  wind  stresses 
and  of  sufficient  number  to  hold  the  joint  in  line  and  to  prevent 
its  movement  under  any  probable  upward  tension  caused  by  un- 
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equally  distributed  loads  on  the  crown  block,  but  not  to  develop 
the  full  strength  of  the  leg-sections. 

The  square-root  angles,  however^  are  only  made  in  sizes  large 
enough  to  spice  4  or  5-inch  leg-sections.  On  the  larger  sized  der- 
ricks, such  as  those  used  with  the  106-foot  steel  drilling  rig,  it  is 
necessary  to  use  plates.  The  leg-sections  are  not  faced,  but  the 
holes  in  the  upper  section  are  spaced  on  a  slightly  larger  spacing 
than  the  holes  in  the  splice,  and  in  conseuqence  when  erected,  the 
two  sections  butt  smoothly  and  tightly  together. 

■ 

Another  type  of  derrick  joint,  however,  has  come  into  extensive 
use  and  is  suitable  for  the  lighter  forms  of  structures.  The  ends  of 
the  leg-sections  are  slotted.  There  are  slots  also  in  the  top  of  the 
splices  and  in  the  derrick-girts  and  braces.  The  bolts  are  put 
through  these  slots  but  remain  permanently  in  position  except  that 
the  nuts  have  to  be  unscrewed  part  way  when  the  derrick  is  dis- 
assembled for  removal.  This  is  known  as  the  "Yorke  joint,"  after 
its  inventor,  Patrick  Yorke  of  Washington,  Pennsylvania. 

A  new  splice  has  been  recently  devised  by  Philip  *Foukes,  fore- 
man of  the  Upper  Union  Mills  fitting  shop  of  the  Carnegie  Steel 
Company.  This  is  intended  for  light  drilling  service  and  consists 
of  a  steel  plate  bent  around  the  leg-section.  The  girts  and  braces 
are  attached  to  the  splices  through  lugs.  The  lugs  and  bent  plates 
are  united  by  three  bolts.  When  these  are  tightened  they  clamp 
firmly  all  of  the  various  parts  at  the  intersection,  the  leg-sections, 
lugs,  girts  and  braces,  while  the  spring  of  the  plates  prevents  the 
dislocation  of  nuts.  There  are  three  bolts  at  a  joint  instead  of  the 
eight  used  in  the  Yorke  and  Woodworth  types  of  derricks  of  equiv- 
alent theoretical  strength. 

There  are  many  pipe-derricks  in  use  in  Eastern  oil  and  gas 
fields,  made  in  a  variety  of  ways.  Typical  of  these  are  the  derricks 
made  by  Lee  C.  Moore  &  Company,  in  accordance  with  patents 
issued  to  T.  A.  Neill,  field  superintendent  of  the  South  Penn  Oil 
Company.  The  joint-clamp  is  made  of  a  steel  plate  drop-forged  to 
shape  with  lug  for  the  attachment  of  girts  and  braces  by  means  of 
bolts.  Nine  bolts  are  used  in  the  standard  drilling  derrick  at  each 
joint.  Second-hand  pipe  may  be  used  in  the  manufacture  of  these 
derricks.  There  are  many  of  them  in  use,  particularly  as  pumping 
derricks  over  producing  wells. 

2.  First  endeavors  to  construct  a  complete  rig. — The  derrick 
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shown  in  the  Oil  Well  Supply  Company's  1892  catalog  was  intended 
to  be  used  with  sectional  wheels,  steel  walking-beam,  steel  sampson 
post,  steel  foundation,  etc.,  so  as  to  form  a  drilling  rig  at  least  in 
its  essential  features,  and  a  set  of  wheels  constructed  for  rigs  of 
this  character  was  exhibited  at  the  World's  Fair  in  Chicago,  1893. 
The  design,  however,  did  not  contemplate  the  construction  of 
engine  and  belt  houses,  derrick  roof  or  other  similar  features  in- 
tended for  the  protection  and  convenience  of  the  workmen. 

In  the  steel  drilling  rig  desigtied  by  the  Carnegie  Steel  Com- 
pany in  1904,  provision  was  made  for  steel  derrick,  crown  block, 
ladder  and  base,  steel  bull  wheel  and. calf  wheel  posts,  steel  foun- 
dation, 'machinery  supports  and  steel  walking-beam.  Bull  and  band 
wheels  and  calf  wheel  were  made  of  wood.  The  derrick  was  72 
feet  high  and  the  parts  of  the  rig  weighed  34,000  pounds.  Designs 
for  steel  wheels  had  already  been  made,  but  those  used  with  these 
rigs  were  of  wood. 

3.  Completed  steel  rig  in  its  earlier  form. — ^The  first  complete 
steel  rigs  were  designed  and  constructed  in  1908  for  the  Carnegie 
Natural  Gas  Company  for  use  in  Washington  and  Westmoreland 
Counties,  Pennsylvania,  and  Wetzel  County,  West  Virginia.  The 
working  parts  of  these  rigs  were  built  entirely  of  structural  steel 
with  the  exception  of  the  crown  pulley  and  sand  reel,  which  had 
been  made  already  in  metal.  The  house  framing,  however,  was 
continued  out  only  so  far  as  the  sand  reel,  the  remainder  of  the  belt 
house  and  engine  house  being  made  of  wood.  This  latter  defect 
was  remedied  in  the  three  80-foot  Woodworth  drilling  rigs  built  for 
the  same  company  in  1909  and  first  erected  at  Avon,  Ohio,  and 
Lumberport,  West  Virginia.  By  the  end  of  1910  one  of  the  80-foot 
rigs  made  in  1908  had  drilled  five  wells  with  a  total  depth  of  13,901 
feet,  and  up  to  the  end  of  1912  one  of  the  1909  rigs  first  erected  at 
Avon,  Ohio,  had  drilled  six  wells  with  a  total  depth  of  17,808  feet, 
one  of  which  was  4440  feet  deep. 

4.  Extension  of  the  completed  rig  to  diversified  service. — ^There 
are  three  main  classes  of  services  for  which  bore-holes  are  drilled — 
mineral  exploration  work,  sinking  of  water  wells,  and  the  sinking 
of  wells  for  oil  and  gas.  The  steel  derrick  since  its  introduction 
has  found  use  in  each  one  of  these  fields.  It  has  also  been  used 
with  each  of  the  recognized  methods  of  drilling. 

The  80-foot  standard  rigs  were  followed  by  the  manufacture  of 
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T2-foot  standard  rigs.  A  few  of  these  latter  rigs  have  been  used 
in  western  Pennsylvania  and  West  Virginia.  Their  greatest  use 
has  been  in  Wyoming  and  Oklahoma.  They  were  constructed 
with  the  same  size  angle-legs  as  the  80-foot  derricks,  on  the  assump- 
tion that  while  the  tools  were  shorter  and  the  derrick  could  be 
called  upon  to  handle  only  two  joints  of  casing  at  a  time,  the  total 
load  on  the  structure  would  not  be  essentially  different. 

The  first  80-foot  California  drilling  rig  built  in  accordance  with 

the  1908  design  was  made  in  1911  and  shipped  to  Cardenas,  Cuba. 

This  same  year  many  of  the  72-foot  California  rigs  went  to  Casper, 

Wyoming,  and  were  used  in  the  development  of  the  Salt  Creek 

field.    The  72-foot  and  80-foot  California  rigs  made  up  to  that  date 

were  designed  to  carry  the  same  theoretical  working  stresses  as 
the  72-foot  and  80-foot"  standard  rigs  which  had  been  found  to  be 
of  sufficient  strength  for  all  reasonable  requirements  in  the  Appa- 
lachian oil  fields.  It  was  recognized,  however,  that  most  modern 
California  drilling  required  heavier  structures,  and  designs  were 
therefore  made  for  derricks,  machinery  supports  and  operating 
mechanism  which  would  be  capable  of  drilling  5000  or  6000-foot 
wells  under  the  severest  conditions.  The  first  80-foot  heavy  Cali- 
fornia derricks  were  manufactured  in  1913,  and  it  is  singular  to 
note  that  these  were  not  used  for  oil  or  water. well  drilling,  but 
were  employed  by  the  Duquesne  Light  Company  at  Neville  Island, 
Pittsburgh,  in  the  support  of  light  cables  and  other  wires  across 
the  Ohio  River  during  the  reconstruction  of  a  railroad  bridge. 

The  pure  rotray  rig  as  used  in  the  Gulf  Coastal  plain  is  nothing 
more  than  a  derrick  equipped  with  a  five-pulley  crown  block  and 
provided  with  draw  works  posts,  with  hoisting  drums,  and  with  a 
rotary  for  drilling.  When  the  well  is  completed  and  put  to  pump- 
ing, the  rig  is  extended  to  include  the  parts  used  in  standard  cable 
tool  practice.  Steel  rotary  derricks  were  first  oflFered  for  sale  in 
July,  1911.  The  first  was  64  feet  high  and  was  sold  to  the  Hughes 
Specialty  Well  Drilling  Company  at  Charleston,  South  Carolina. 
It  has  been  used  in  the  drilling  of  water  wells  in  Georgia,  Alabama, 
South  Carolina  and  Florida.  The  86-foot  rotary  derrick  came  in 
due  season,  and  also  the  106-foot  heavy  Woodworth  rotary  derrick, 
the  first  of  which  was  made  in  1913  for  the  Oil  Well  Supply  Com- 
pany and  shipped  to  the  American  Trading  Company  at  Buenos 
Aires,  Argentine  Republic.    The  86-foot  rotary  derrick  will  handle 
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three  lengths  of  pipe,  and  the  106-foot  four  lengths  with  ample 
clearance  for  the  heaviest  sheaves  and  casing  hooks. 

The  first  two  standard  combination  rigs  were  built  in  1912. 
The  first  80-foot  California  combination  rigs  were  built  the  same 
year  for  the  Penn-Mex  Fuel  Company'  at  Tampico.  The  first 
80-foot  heavy  California  combination  rigs  were  made  in  1913  for 
the  Caribbean  Petroleum  Company  and  shipped  to  Maracaibo, 
Venezuela.  These  rigs  were  constructed  for  the  use  of  a  single 
engine  located  back  of  the  band  wheel  as  in  a  California  rig,  and 
the  line  shaft  of  the  draw  works  was  driven  by  sprocket  drive  from 
an  auxiliary  sprocket  placed  on  the  band  wheel  shaft  between  the 
band  wheel  and  the  inner  jack  post.  This  construction  places  the 
draw  works  on  the  walking-beam  side  of  the  rig  or  in  the  identical 
position  occupied  by  the  calf  wheel  in  a  California  rig.  Interchang^e 
of  tools  may  be  effected  without  change  in  the  structure,  but  in 
the  California  combination  rigs  made  after  this  design,  change  from 
cable  tools  to  rotary  or  vice  versa  may  be  effected  only  by  the 
removal  of  the  draw  work  posts  and  their  replacement  by  the 
calf  wheel  posts  or  vice  versa.  The  lOG-foot  heavy  Woodwortli- 
California  combination  rig  erected  at  the  Panama-Pacific  Inter- 
national Exposition  is  constructed  so  as  to  be  driven  by  two  en- 
gines, one  to  drive  the  rotary  and  the  other  to  drive  the  cable  tools. 
This  method  of  construction  permits  the  greatest  possible  deg^ree 
of  interchangeability,  inasmuch  as  both  the  rotary  hoisting  drum 
and  calf  wheel  have  their  own  independent  supports  which  need 
not  be  disturbed  when  change  of  tools  is  made. 

The  first  combination  structural  and  pipe  drilling  rigs  ivere 
made  in  1909  for  use  of  the  South  Penn  Oil  Company  in  the  Shinns- 
ton,  West  Virginia,  oil  field.  Numbers  of  these  steel  rigs,  more  or 
less  coinplete,  for  use  with  pipe  derricks  have  been  built  since  that 
date,  chiefly  in  conjunction  with  Lee  C.  Moore  &  Company,  manu- 
facturers of  the  Neill  patent  pipe  derrick. 

Structural  steel  drilling  rigs  adapted  to  the  Canadian  method 
of  drilling  have  been  manufactured  by  the  Deep  Well  Tool  Bor- 
ing Company,  St.  Albans,  England,  and  by  the  Oil  Well  Engineer- 
ing Company,  Manchester,  England.  Steel  drilling  rigs  adapted 
to  the  Galician  method  of  drilling  are  also  advertised  by  the 
Galician-Carpathian  Petroleum  Company.  I  have  no  specific  in- 
formation, however,  as   to  how  extensive  their  use  has  been   or 
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^what  part  of  the  complete  equipment  is  furnished  by  those  com- 
panies. 

Conditions  which  influence  structural  design. — ^The  problem 
which  confronted  the  designer  when  he  began  to  consider  the  sub- 
stitution of  steel  for  wood  in  the  construction  of  drilling  equipment 
was  not  a  simple  one,  in  spite  of  the  fact  that  in  popular  conception 
all  derricks  look  alike,  and  further  that  men  accustomed  to  opera- 
tion in  a  limited  field  naturally  imagined  that  when  their  particular 
problems  were  solved,  the  solution  was  applicable  to  all  other 
problems  elsewhere.  It  should  be  borne  in  mind,  however,  that  in 
addition  to  the  methods  of  drilling  and  hoisting  which  are  the  most 
immediate  considerations  in  the  design  of  drilling  equipment,  there 
are  variations  in  other  features,  due  to  the  arrangement  of  engines, 
to  the  size  and  depth  of  wells,  to  the  character  of  the  strata  pene- 
trated, to  the  preservation  and  maintenance  of  wells  after  comple- 
tion, to  the  means  taken  for  the  convenience  and  protection  of 
workmen  and  to  the  removal  and  re-use  of  the  equipment  after  it 
has  served  its  purpose  at  any  one  particular  well,  added  to  which 
there  are  other  personal  preferences  of  individual  operators,  which 
may  cause  fundamental  divergences  even  in  districts  where  all  the 
other  conditions  are  essentially  similar. 

As  has  already  been  noted,  the  heights  of  drilling  derricks  are 
determined  by  the  length  of  tools  and  hoisting  tackle  in  cable  drill- 
ing practice,  and  by  the  number  of  joints  of  casing  or  drill  pipe 
hoisted  in  rotary  drilling  practice.  It  is  the  latter  feature  which 
accounts  for  the  extremely  high  derricks  which  have  come  into 
experimental  use. 

The  strength  of  a  derrick  or  drilling  rig  should  bear  a  definite 
relation  to  the  service  which  it  has  to  perform.  Considerations  of 
transportation  and  erection,  as  well  as  economy  in  first  cost,  require 
that  it  be  built  as  light  as  possible  for  the  service.  So  far  as  the 
derrick  itself  is  concerned,  there  is  little  waste  of  wood  in  the 
usual  method  of  construction.  All  the  steel  designer  has  to  do, 
therefore,  is  to  substitute  sections  of  equivalent  strength  which  in 
turn  are  approximately  of  the  same  weight.  There  is,  however,  a 
great  deal  of  waste  in  the  wooden  sampson  posts,  jack  posts,  longi- 
tudinal and  transverse  sills,  engine  blocks  and  other  heavy  portions 
of  the  structure.  Here  the  substitution  of  materials  of  equivalent 
strength  eliminates  the  excess  weight,  which  is  practically  un- 
avoidable in  wooden  construction,  and  as  a  consequence  a  complete 
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steel  drilling  rig  of  equivalent  strength  is  some  25  to  30  per  cent 
lighter  than  a  wooden  rig  of  the  same  strength.  A  standard  80-foot 
Woodworth  drilling  rig  with  derrick,  foundations,  ^bull  and  band 
wheels,  house  framing,  corrugated  sheeting,  etc.,  weighs  45,300 
pounds,  as  compared  with  approximately  60,000  pounds  for  the 
same  structure  constructed  of  wood. 

What  loads  the  derrick  should  be  figured  to  sustain  is  a  matter 
not  reducible  to  exact  formula.  Drilling  loads  are  usually  not  se- 
vere. It  is  the  hoisting  service  which  brings  the  greatest  stresses 
on  the  structure,  and  this  latter  depends  on  the  friction  between 
the  casing  and  the  material  with  which  it  is  surrounded,  the  straight- 
ness  of  the  hole  from  which  it  is  to  be  drawn,  and  the  eccentricity 
of  the  pull  on  the  crown  block.  The  friction  depends  again  on  the 
size  of  the  casing,  its  length,  the  pitch  of  the  strata  through  which 
it  passes,  and  the  angle  of  repose  of  the  materials  therein.  These 
are  matters  beyond  practical  ken.  When  the  designer  has  computed 
the  strength  in  accordance  with  the  best  information  at  hand,  he 
has  to  add  a  percentage  for  unascertainable  contingencies  and  in 
addition  has  had  to  remember  that  the  driller  is  a  very  human 
personage  and  when  the  casing  is  "frozen,"  will  load  his  engine  to 
the  limit  for  its  extraction. 

In  the  endeavor  to  design  an  80-foot  heavy  derrick  for  use  in 
California  oil  fields,  I  compiled  various  records  as  to  depths  of 
wells,  sizes  and  weights  of  casing  used  therein,  etc.  In  the  process 
of  compiling  I  was  advised  by  practical  oil  men  that  the  problem 
was  to'  design  a  derrick  of  sufficient  strength  to  pull  12-inch  40- 
pound  casing  in  two.  That  was  some  years  ago»  and  I  have  not 
yet  been  able  to  ascertain  exactly  the  amount  of  pull  required  to 
do  this.  I  have,  however,  built  a  number  of  heavy  derricks  which 
have  been  entirely  satisfactory  for  field  service. 

It  is  desirable  to  adjust  the  sizes  and  weights  of  derrick  mem- 
bers to  the  exact  load  requirements,  but  as  far  as  the  bracing  sys- 
tem is  concerned  it  is  impracticable  to  do  this.  Certain  sizes  of 
angles  or  rods  are  made  necessary  by  economic  considerations  of 
shop  manufacture,  and  it  is,  therefore,  practically  impossible  to  use 
sections  of  the  smaller  sizes  and  weights  which  are  the  exact  struc- 
tural equivalents  of  the  working  stresses.  Consequently,  the  de- 
signer uses  the  smallest  size  angles  (or  pipe  in  the  case  of  pipe  der- 
ricks) which  the  canons  of  fabrication  show  to  be  expedient.    When 
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he  has  done  this,  however,  his  bracing  system  will  be  ample  for 
all  stresses  in  the  derrick  regardless  of  the  load  on  the  legs. 

0  It  is  again  essential  for  economy  in  manufacture  that  the  ex- 
ternal dimensions  of  the  leg-sections  remain  constant  so  that  the 
same  set  of  shop  detail  drawings  will  suffice  for  derricks  of  dif- 
ferent capacities.  This  adjustment  of  leg-sections  to  theoretical 
working  loads  is  made  in  the  wooden  derricks  by  the  nailing  of 
additional  planks  to  the  normal  leg-sections.  It  is  done  in  just  as 
practical  a  way  in  the  manufacture  of  structural  steel  and  pipe 
derricks.  In  the  structural  steel  derrick  the  desired  end  is  accom- 
plished by  increase  in  the  thickness  of  the  leg  angles.  The  80-foot 
standard  derrick  in  the  regular  grade  has  its  leg-sections  made  of 
4  by  4  by  5/16-inch  angles  and  the  theoretical  working  load  with  a 
factor  of  safety  of  four  is  92,000  pounds.  Heavier  grades  are  made 
with  angles  ^  and  7/16-inch  thick  and  with  working  loads  of 
110,000  and  127,000  pounds  with  a  still  further  increase  in  strength, 
if  desired.  The  80-foot  regular  California  derrick  is  made  heavier 
than  the  standard  derrick.  Its  angles  are  J^-inch  thick  and  the 
super-heavy  grades  are  j4-inch  thick,  with  a  safe  working  load  of 
144,000  pounds. 

The  heavy  derricks,  whether  80,  86  or  106  feet  high,  are  made 
with  6  by  6  by  J^-inch  angle  legs  with  a  theoretical  working  load 
of  223,000  pounds.  The  extra  heavy  and  super-heavy  grades  are 
made  with  angles  7/16  and  j4-inch  thick  and  with  working  loads 
of  259,000  and  294,000  pounds.  The  thicknesses  given  are  the 
thicknesses  of  the  leg  angles  in  the  top  section.  It  is  usual  to 
increase  the  thickness  from  the  top  downward  in  order  to  take 
care  of  the  increase  in  stresses  due  to  wind  and  working  loads,  par- 
ticularly in  the  bottom  panel,  which  is  of  greater  height  than  the 
others. 

In  the  case  of  pipe  derricks  the  same  adjustment  of  stresses  is 
made  by  the  increase  in  the  thickness  of  the  pipe  itself  and  also  for 
heavy  service  by  inserting  smaller  sizes  of  pipe  within  the  pipe 
section  itself.  Derricks  constructed  in  this  manner  are  called 
"duplex"  or  "triplex,"  depending  on  whether  there  are  two  or  three 
pipes  in  each  length  of  leg  section. 

Corresponding  adjustments  are  made  throughout  the  entire  rig. 
It  15  recognized  that  the  loads  on  a  heavy  drilling  rig  require 
heavier  equipment  in  the  operating  mechanism.  It  has  been  found 
that  a  10-foot  band  wheel  with  4J^  or  5-inch  shaft  is  sufficient  for 


J 58  PETROLEUM  PRODUCTION  METHODS 

use  with  the  regular  grades  of  derricks.  An  11-foot  wheel  with  a 
6-inch  shaft  is  the  standard  size  for  use  with  the  heavy  rigs.  These 
different  sizes  carry  with  them  a  corresponding  increase  in  the 
strength  of  the  crown  block,  jack  posts,  foundation  sills,  etc. 

The  106-foot  heavy  Woodworth  California  combination  drilling 
rig. — We  have  now  come  to  a  technical  description  of  the  106-foot 
drilling  rig  exhibited  at  the  Panama-Pacific  International  Exposi- 
tion. The  lines  along  which  this  rig  has  been  designed  have  been 
those  already  stated,  not  to  deviate  from  recognized  standards  of 
construction  in  wood  and  to  utilize  such  materials  in  the  way  of 
rig  irons,  bearings,  etc.,  as  can  be  gotten  from  oil  well  supply  stores. 
At  the  same  time,  one  or  two  innovations  have  been  introduced 
which  are  worthy  of  mention.  The  system  of  bracing  bull  wheel 
and  calf  wheel  posts  customary  in  wooden  and  steel  rigs  alike  has 
been  applied  to  the  draw  works  posts  as  well,  so  that  these  posts,  in 
addition  to  their  own  strength,  are  aided  and  assisted  by  solid 
braces.  The  walking-beam,  in  addition  to  being  counter-balanced, 
is  provided  with  revolving  center  irons,  so  as  to  permit  it  to  be 
swung  to  one  side  readily  when  the  rotary  is  in  use.  The  walking- 
beam  is  likewise  equipped  with  a  spring-box  at  the  pitman  end 
so  as  to  give  perfect  resilience  to  the  beam  whether  used  with 
manila  drilling  cable  or  with  wire  rope.  This  spring-box  is  a 
recent  invention  and  has  come  into  use  not  only  with  the  steel 
walking-beam,  but  also  with  the  wooden  beams  when  used  with 
wire  line. 

As  a  means  of  comparison,  there  is  given  below  a  table  show-- 

ing  the  detailed  specifications  and  approximate  weights  in  pounds 

of  this  rig.     This  table  includes  all  the  materials  usually  furnished 

by  the  manufacturers  and  covered  by  the  designation  "drilling-rig," 

as  already  explained.     This  table  docs  not  include,  of  course,  the 

weight  of  the  wood  used  for  derrick-floor  and  for  nailing-strips; 

otherwise,  it  is  complete. 

Approximate  weight  in  pounds 

Derrick,  ladder  and  heavy  crown-block 28,960 

Seven  crown,  sand-line,  and  casing-pullej's ^ 1,430 

9-inch  brake-band,  lever  and  staples : 300 

Bull-wheel  posts,  braces,  and  bearings 940 

Calf-wheel  posts,  braces,  and  bearings 960 

Draw-work  posts,  braces,  and   bearings 1,710 

Foundation    7,350 

Machinery  supports,  braces,  and  bearings 8,830 
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Approximate  weight  in  pounds 

House   framing    • 5,720 

Walking  beam  and  bearings 2,500 

Pitman    spring-box    70 

Revolving  centre-irons  and  stirrup 820 

5-foot  bull-wheel,  long  shaft 3,670 

11-foot   band-wheel    3,2i0 

6-inch  superior  band-wheel  shaft,  crank,  wrist-pin  and  keys 1,400 

42-inch  California  double-drum  sand-reel 2,000 

4J»4-foot    calf-wheel,   sprocket-rim    2,210 

7-inch  brake-band,  lever  and  staple 3QP 

42-inch  sprocket,  clutch,  keys,  etc 700 

55-foot  sprocket  chain   500 

323  pieces  galvanized,  corrugated  iron 4,930 

2  engine  blocks  2,800 

Total,  complete  rig   81,310 

Erection  of  this  rig  was  performed  by  unskilled  workmen.  Cost 
of  labor,  including  carpenter  work  in  laying  the  floor,  building  plat- 
forms, etc.,  amounted  to  $258.00.  Under  ordinary  conditions  a  rig 
should  be  erected  complete  by  experienced  rig-builders  at  a  cost 
not  to  exceed  $200,  and  be  taken  down  and  re-erected  for  $250.00. 
The  rig  is,  as  far  as  possible,  fireproof;  nothing  can  wear  out  ex- 
cept the  wooden  cants,  which  are  easily  renewable.  Ordinary  re- 
pairs, on  removal,  should  consist  merely  of  the  renewal  of  the  cants 
and  replacement  of  bolts  damaged  in  handling. 

Methods  of  Guying  Derrick* 

On  January  17,  1916,  and  again  on  the  27th  of  the  same  month, 
the  Sunset-Midway,  McKittrick,  and  Coalinga  oil  fields  were  visited 
by  severe  wind  storms  from  the  southwest.  Of  a  total  of  2000  in 
the  Sunset-Midway  field,  940  rigs  or  47  per  cent  were  blown  down, 
and  many  others  badly  strained.  I  had  occasion  to  inspect  the 
wrecked  derricks  of  a  company  that  had  lost  38  out  of  150  or  25.3 
per  cent  of  its  derricks. 

Let  us  consider  the  cost  of  replacing  the  derrick  and  the  loss 
of  production  occasioned  by  shutting  down  the  wells.  It  is  quite 
common  and  was  also  gjood  practice  to  replace  the  106-foot  der- 
ricks used  for  the  original  drilling  of  the  wells  with  an  82-foot  der- 
rick. These  were  strong,  double-braced  and  suitable  for  redrilling 
or  deepening  jobs  using  cable  tools.     All  usable  material  such  as 
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footings,  sills,  flooring,  etc.,  was,  of  course,  used  in  reconstruction^ 
but  the  derricks  proper  were  splintered  so  as  to  be  practically  use- 
less. It  cost  the  company  already  mentioned  $690  for  each  82-foot 
derrick,  or  about  $26,220  in  all.  This  figure  does  not  include  cases 
where  the  derrick  was  not  destroyed  but  the  derrick  legs  were 
sprung  or  the  rig-housing  damaged.  The  former  charge  could  be 
properly  added  to  the  $26,220  mentioned  above,  since  it  is  directly 
dependent  upon  proper  guying,  but  the  work  of  repairing  derrick 
legs  was  charged  to  general  repairs  to  derricks,  and  would  now  be 
difficult  to  segregate.  While  many  of  the  derricks  blown  down 
in  the  Sunset-Midway  field  were  above  flowing  wells  w^hich  did  not 
cease  producing  as  the  pumping  wells  did,  nevertheless  when  the 
derrick  falls  there  is  grave  risk  to  a  flowing  well  because  of  the 
possible  breaking  of  fittings,  causing  the  well  to  flow  without  con- 
trol for  a  time  and  then  "sand  up." 

Let  us  assume  a  production  of  30  barrels  per  day  of  twenty-four 
hours  for  pumping  wells,  with  oil  at  $0.30  per  barrel  (a  conservative 
figure),  and  that  it  was  thirty  days  before  all  the  wells  were  pro- 
ducing again,  with  an  average  of  fifteen  day's  loss  of  production; 
also,  that  all  38  wells  were  pumping.  The  latter  assumption  is  fair 
enough,  since  one  flowing  well  "sanded  up"  will  occasion  a  loss  in 
production  equal  to  several  times  30  barrels  per  day,  the  assumed 
average  production.     We  therefore  have  the  following: 

38x15x30  equals  17,100  barrels,  total  loss  of  production. 

17,100x$0.30  equals  $5,130,  value  of  lost  production. 

$26,220  equals  cost  of  reconstruction  of  derricks. 

$31,350  equals  total  loss  which  might  have  been  saved  by  ade- 
quate guying. 

No  allowance  is  made  for  a  saving  in  production  cost,  since  a 
company  cannot  reduce  its  operating  cost  materially  in  such  a 
case. 

Dividing  $31,350  by  150,  the  total  number  of  rigs  exposed  to 
the  storm,  gives  $209.00  per  rig.  In  other  words,  an  extra  expense 
of  $209.00  per  rig  for  adequate  guying  would  have  been  justified 
for  these  storms  alone. 

The  method  of  guying  now  used  by  this  company  as  described 
below  and  illustrated  in  Fig.  46  is  costing  $58.00  per  rig,  including- 
all  labor  and  material.  If  this  method  of  guying  is  as  efficient  as 
it  is  believed  to  be,  and  would  have  prevented  the  derrick  failures 
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• 

in  these  storms,  the  company  would  have  saved  $31,350.00 — (150x 
$58.00)=$22,650.00.  Moreover,  this  method  of  guying  will  outlast 
the  life  of  the  well  and  continue  to  do  its  work  indefinitely. 

A  number  of  derricks  were  badly  strained,  yet  did  not  fall. 
Most  of  these  failed  a  little  more  than  the  half-way  between  the 
derrick-floor  and  the  point  where  the  lower  guy  was  attached  to  the 
derrick  leg.  It  was  noticed  that  the  portion  of  the  derrick  betwceu 
the  floor  and  the  first  guywires  was  roughly  twice  as  great  as  that 
from  the  lower  guy-wires  to  the  crown-block.  This  feature  is  more 
serious  since  this  lower  portion  of  the  derrick  presents  the  greater 
surface  to  the  wind.  Several  derricks  were  seen  where  the  guy- 
wires  held  until  this  lower  part  of  the  derrick  bent  and  broke. 

The  failures  studied  were  all  of  rigs  built  and  operated  by  the 
same  company  and  guyed  with  two  wires  to  the  leg.     Wooden 
dead-men  were  used,  set  end  to  end  in  the  same  trench,  which  was 
dug  approximately  3  feet  deep  and  100  feet  from  the  derrick.     The 
soil  is  sandy,  and  during  most  of  the  year  dry.     The  guy-wires 
were  all  }i  inches  in  diameter,  either  seven-wire  hard-laid,  or  six- 
strand,  seven  wires  on  a  hemp  core.     The  dead-men  were  set  to  pull 
against  planks,  usually  2  by  8  inches,  leaning  a  few  degrees  from 
the  vertical  away  from  the  rig,  and  making  an  acute  angle  with  the 
guy-w-ire  so  that  it  might  be  pulled  tight  by  driving  the  dead-man 
down  along  the  face  of  the  planks  into  the  bottom  of  the  trench, 
where  it  was  held  by  the  dirt  piled  on  top  of  it.     Of  course  when 
the  wire  was  pulled,  particularly  by  intermittent  jerks,  as  during 
a  storm,  the  reverse  action  takes  place  on  the  dead-man,  tending  to 
force  the  dead-men  out  of  the  ground.     This  tendency  is  increased 
when  the  stress  becomes  sufficient  to  pull  the  tops  of  the  planks 
nearer  to  the  derrick.     Taking  the  co-efficient  of  friction  between 
timber  and  timber  as  between  0.5  to  0.2,  it  would  appear  that  there 
is  no  danger  of  the  dead-men  working  up,  and  that  the  2  by  8-inch 
boards  would  "kick  out"  at  the  bottom  rather  than  pull  over  at  the 
top,  on  account  of  the  position  of  the  dead-man.     Some  cases  were 
reported  where  this  had  taken  place,  forcing  the  dead-man  to  pull 
through  the  solid  ground  in  the  line  of  the  guy-wire,  but  all  the 
cases  investigated  by  me,  wherever  the  evidence  was  conclusive, 
showed  the  planks  tipped  over  toward  the  derrick,  having  forced 
the  dead-men  up  through  the  filled  dirt  on  top  of  them. 
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The  investigation  of  the  wrecked  derricks  showed  that  the  var- 
ious kinds  of  failures  may  be  grouped  under  four  heads  as  follows; 

« 

No.  of       Total 
Cause  of  failure  failure     per  cent 

« 

1.  Dead-men  were  pulled  out  of  the  ground 61  67.0 

2.  Guy-wires  broken  when  kinked  or  pulled  loose  by  slip- 

ping in  a  knot  26  28.6 

3.  Guy-wires   broken   by   straight   pull    where   no  kink   or 

sharp  bend  could  be  observed 2  2.2 

4.  Dead-men    so    rotten    that    either    the    central    portion 

pulled  out,  or  the  wire  .pulled  through  the  dead-man...  2  2,2 


91  100.0 

Discussion  of  table  of  failures. — In  the  38  rig  failures  observed, 
94  guy-wires  had  failed.  Of  this  number  three  cases  were  not  de- 
terminable, so  that  only  the  91  determinable  cases  are  tabulated. 

Cause  of  failure  No.  1. — Dead-man  pulled  out.  The  depth  be- 
low the  ground  surface  at  which  the  various  dead-men  had  been 
buried  was  determined  either  by  digging,  or  if  the  dead-man  had 
been  pulled  out,  by  measuring  the  upright  planks  mentioned  above 
from  the  surface  line  to  the  line  where  the  plank  had  been  protect- 
ed by  the  dead-man.  In  cases  where  there  was  any  doubt,  several 
of  the  planks  were  placed  side  by  side  and  an  average  depth  com- 
puted. The  average  thickness  of  cover  amounted  to  22  inches  for 
the  27  cases  determined.  The  surprisingly  small  amount  of  cover 
was  probably  caused  by  a  gradual  "working'up"  of  the  dead-men,  as 
much  as  by  shallowness  of  cover  in  l:he  first  place. 

Causes  of  failure  Nos.  2  and  3. — Guy-wires  broken  where  kinked 
or  pulled  loose  by  slipping  in  a  knot.  Guy-wires  broken  by  straight 
pull  where  no  sharp  bend  could  be  observed.  A  common  cause  of 
failure  was  a  square  knot  in  a  guy-wire.  Of  .course  a  knot  or  other 
sharp  bend  is  far  more  serious  in  a  hard-laid  line  such  as  the  seven- 
wire,  5^-inch  line  commonly  used,  than  in  a  seven-wire,  six-strand 
on  hemp-core  line  of  the  same  diameter  that  was  used  in  several 
cases.  For  either  wire,  knotting  is  bad  practice,  and  after  the  les- 
son of  January  27,  seems  inexcusable.  Though  the  soft-laid  line  iv 
a  few  cases  pulled  loose  where  it  was  knotted,  it  usually  broke  under 
such  conditions.  Whichever  kind  of  failure  took  place  the  result 
was  the  same,  the  derrick  collapsed.     A  frequent  method  used  for 
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tightening  a  guy-wire  was  by  the  use  of  a  couple  of  2  by  6-inch  by 
4-foot  planks.  These  would  be  placed  on  opposite  sides  of  the 
wire  with  two  20-D  spikes  driven  through  them  near  one  end  and 
about  6  inches  apart,  with  the  wire  fastened  between  th^  spikes. 
The  other  end  of  the  "tightener"  was  then  swung  by  brute  force 
and  awkwardness  through  180  degrees  and  was  fastened  to  the 
guy-wire  below  a  third  spike.  The  guy-wire  was  then  bent  into 
a  flat  "S"  around  the  two  20-D  spikes.  No  one  can  deny  that  this 
system  tightened  the  wire,  but  in  so  doing  it  left  but  a  small  por- 
tion of  the  original  tensile  strength. 
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Fig.  46. 
IMPROVED  METHOD  OF  GUYING 

If  it  appears  that  an  undue  amount  of  space  is  here  devoted  to 
a  trifling  matter  like  a  kink  in  a  guy-wire,  study  the  table  of  failures 
and  note  that  of  the  28  guy-wires  that  broke,  26  of  the,  or  93  per 
cent,  broke  in  one  kind  of  a  short  bend  or  another.  Moreover,  the 
two  wires  that  broke  by  a  straight  pull  and  thus  probably  develop- 
ed their  full  strength  before  failing,  were  in  each  case  attached  to 
a  derrick-leg  where  the  other  guy  to  the  same  leg  broke  in  a  sharp 
bend,  thus  throwing  the  entire  load  on  one  wire.  While  there  is 
no  actual  proof  as  to  which  of  the  wires  broke  first,  it  is  reasonable 
to  assume  that  it  was  the  weakened  one  that  failed,  and  that  this 
was  the  indirect,  if  not  the  direct  cause  of  the  failure  of  the  second 
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wire.  Thus  93  per  cent  of  the  wires  that  broke  failed  because  of 
gross  mistreatment,  and,  in  all  probability,  this  was  the  indirect 
cause  of  the  remaining  7  per  cent  of  the  failures. 

Guy-wires  have  frequently  become  kinked  in  a  manner  that  at 
first  sight  was  not  objectionable ;  for  example,  the  guy-wires  at  the 
south-west  corner  of  Kern  Trading  &  Oil  Co.  well  No.  18,  Section 
33,  Township  32  South,  Range  24  East.  In  this  case  one  guy-wire 
was  broken  by  a  straight  pull  at  a  point  a  few  feet  above  the 
ground.  The  seven  wires  were  all  "bottle-necked"  at  the  point  of 
failure,  and  there  was  no  indication  that  there  had  been  a  sharp 
bend  at^this  point.  The  other  guy-wire  was  broken  off  below  the 
ground  surface.  To  determine  the  cause  of  the  sub-surface  failure, 
the  dead-men  were  dug  up  and  photographed.  The  sharp  bend 
thrown  in  the  guy-wire  at  the  point  where  it  pulled  against  a  loof 
of  the  wire  itself,  caused  the  failure.  On  the  other  hand,  where 
the  wire  passed  first  around  the  dead-man  so  as  to  pull  against  the 
8  by  8-inch  timber,  the  hitch  held  until  the  wire  failed  at  another 
point,  after  developing,  in  all  probability,  its  full  tensile  strength. 

The  foregoing  illustration  is  applicable  to  attaching  the  wire 
to  the  derrick-leg  as  well  as  to  the  deadman.  Even  tKe  better  of 
the  two  hitches  here  photographed  is  far  from  desirable.  The  case 
is  used  here  merely  to  illustrate  a  "rough  and  ready"  practice  that 
is  decidedly  unsafe.     • 

What,  now  is  the  conclusion  as  to  the  size  of  the  line?  Is  a 
%-inch  line  large  enough  for  the  work?  From  actual  observations, 
we  are  forced  to  conclude  that  the  3/^-inch  guy  wire,  either  hard  or 
soft-laid,  is  strong  enough  if  it  is  used  properly. 

Cause  of  Failure  No.  4. — Dead-men  so  rotten  that  either  the 
central  portion  pulled  out  with  the  w-ire,  or  the  wire  pulled 
through  the  dead-men.  Though  there  were  but  two  cases  actually 
found  where  the  rotten  condition  of  the  dead-men  caused  the  fail- 
ure of  the  guying  system,  and  these  dead-men  had  been  in  about 
five  years,  many  of  the  dead-men  that  pulled  out  had  rotted  from 
J4  to  1  inch  deep  and  were  unsound. 

Reconstruction  methods. — It  remains,  now,  to  describe  the  im- 
provements made  in  methods  of  guying.  A  few  companies  have 
merely  increased  the  number  of  guy-wires  with  the  same  system 
of  wooden  dead-men  set  in  the  same  way,  and  with  no  provision 
for  tightening  the  guy,  other  than  some  form  of  "guy  tightener" 
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mentioned  above,  or  re-setting  the  dead-men.  Also,  in  some  cases, 
the  number  of  square  knots  seems  to  have  increased  in  direct  pro- 
portion to  the  increase  in  the  number  of  wires.  On  the  other  hand, 
many  companies  have  improved  their  construction  methods  greatly 
by  the  use  of  various  ingenious  devices  with  the  following  general 
features : 

1.  Substantial  dead-men  that  will  neither  pull  out  nor  decay 
during  the  life  of  the  well. 

2.  A  rod  connecting  the  dead-man  to  the  guy-wire  so  that  the 
latter  will  not  be  exposed  to  rust  under  the  ground  surface. 

3.  Some  method  for  tightening  the  guy-wires  that  will  not  kink 
them,  so  that  guy-wires  may  be  kept  taut  at  all  times.  A  slack  guy- 
wire  that  will  allow  a  derrick  to  sway  is  almost  as  bad  as  no  wires 
at  all. 

4.  Absence  of  square  knots  or  sharp  bends  anywhere  in  the  wire. 

5.  Three  guy-wires  to  each  derrick-leg. 

No  one  of  the  various  systems  can  be  properly  termed  the  best, 
since  such  devices  are  usually  built  largely,  if  not  entirely,  out  of 
scrap  from  other  operations,  such  as  old  drill  pipe  or  casing  for  the 
dead-men,  and  worn-out  sucker  rods  to  connect  the  dead-men  with 
the  guy-wires.  Also  the  shop  facilities  are  different  for  different 
companies.  Therefore,  what  might  be  the  cheapest  system  for  one 
company  might  not  be  the  cheapest  for  another. 

A  system  of  guying  used  with  success  by  the  Kern  Trading  & 
Oil  Company  is  shown  in  Figure  46.  The  dead-men  are  set  100  feet 
from  the  rig  wherever  possible,  depending  upon  the  slope  of  the 
ground  and  other  conditions.  The  pieces  of  lj4-inch  pipe,  through 
which  the  eye-bolts  pass  to  the  surface,  are  used  to  prevent  rusting 
of  the  eye-bolts.  They  are  filled  with  asphaltum  after  the  rig  is 
guyed.  The  only  machine  work  necessary  is  threading  the  %-inch 
rods  and  boring  the  hole  in  the  bottom  of  the  stirrup. 

In  attaching  the  guy-wire  to  the  derrick-leg,  the  same  care 
should  be  used  to  eliminate  sharp  bends  and  kinks  as  at  the  dead- 
man.  Also  inspection  is  likely  to  be  less  efficient  when  the  derrick 
has  to  be  climbed  than  otherwise.  Since  even  a  three-bolt  clamp 
may  work  loose  due  to  vibration,  it  is  unsafe  to  rely  on  such  a 
clamp  entirely.  A  good  method  is  to  pass  the  wire  at  least  three 
times  around  the  derrick-leg  and  to  place  a  three-bolt  clamp  so  it 
will  be  about  three  feet  ifom  the  derrick-leg  when  the  guy  is  taut. 
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The  free  end  of  the  wire  should  then  be  fastened  below  the  clamp 
by  a  lineman's  "makeup/*  This  "makeup"  consists  of  wrapping  the 
free  end  to  the  line  itself  with  one  or  more  of  the  galvanized  wires 
composing  the  line.  Such  a  "makeup,"  if  properly  done,  should 
carry  the  load  even  without  any  clamp. 

No  system  of  safety  devices  ever  designed  can  be  trusted  with- 
out adequate  inspection,  and  guying  a  derrick  is  no  exception  to 
this  rule.  Besides  cautioning  the  men  actually  working  on  a  ri^ 
to  keep  the  guy-wires  taut  at  all  times,  it  is  advisable  to  have  a 
competent  man  inspect  all  the  guy-wires  on  the  property  twice  a 
year,  in  the  spring  and  fall,  and  have  him  prepare  a  report  showinii^ 
the  data  when  each  guy-wire  was  inspected,  and  what  work,  if 
any.  was  done  upon  it  at  the  time  of  inspection. 


PROGRESS  CHART  FOR  COMPARISON  OF  A 
GROUP  OF  DRILLING  WELLS' 

During  drilling  operations  at  certain  wells  of  a  group,  it  fre- 
quently happens  that*there  are  marked  changes  in  producing  condi- 
tions at  neighboring  wells.  In  order  to  compare  the  effect  of  drill- 
ing wells  upon  the  other  wells,  a  chart  showing  drilling  progress 
will  be  found  more  convenient  than  written  records.  The  chart 
here  presented  differs  from  those  ordinarily  used  in  engineering 
work  in  that  it  directly  refers  to  distances  from  known  strata 
rather  than  the  ground  surface.  It  therefore  directly  compares 
geological  information  with  drilling  and  production  data. 

* 

Referring  to  the  accompanying  cross-section  of  a  group  of 
wells  (Figure  47),  it  will  be  noted  that  a  line  of  correlation,  "B," 
has  been  drawn  across  the  top  of  the  oil  sands  of  the  "second  oil 
zone."    This  line  defines  the  stratigraphy  of  the  formations. 

With  the  idea  of  presenting  a  graphic  history  of  drilling  oper- 
ations with  respect  to  the  stratigraphy  of  the  formations  penetrated 
rather  than  the  respective  depths  below  surface,  a  line  parallel  to 
the  line  of  correlation  B  (see  cross-section)  is  assumed  at  a  position 
below  which  the  essential  depths  drilled  can  be  plotted.  The  dis- 
tance between  the  line  of  correlation  and  stratigraphic  datum  can 
be  chosen  arbitrarily. 


*By  R  .£.  Collom.    Third  Annual  Report  State  of  Calif.  Oil  and  Gas  Supenrtsor. 
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In  certain  localities  where  some  definitely  known  stratum  or 
formational  marker  exists — such  as  "Red  rock,"  in  the  Coalinga 
cast  side  field,  or  "Bottom  of  blue  shale,''  in  the  Casmalia  field — the 
line  of  correlation  of  this  stratum  in  the  various  wells  may  be  used 
as  stratigraphic  datum. 

When  such  a  stratum  as  the  one  referred  to  exists  in  a  group  of 
wells,  one  progress  chart  can  be  made  for  the  entire  group,  irre- 
spective of  their  location. 

On  the  accompanying  cross-section  stratigraphic  datum  i$ 
drawn  through  zero  depth — that  is,  derrick  floor  at  well  No.  6.  so 
that  all  corrections  for  differences  from  surface  to  stratigraphic 
datum  in  each  of  the  wells  will  be  plus.  In  this  position  also  the 
drilling  records  with  respect  to  the  principal  upper  water  strata 
and  other  formations  of  importance  can  be  plotted. 

The  data  on  the  progress  chart  are  shown  with  respect  to  time 
and  depth.  A  convenient  vertical  scale  is  100  feet  to  one  inch. 
The  depths  drilled  per  day  here  shown  would  be  unusual  for  any- 
thing but  illustration.  Progress  in  drilling  is  plotted  from  .the  daily 
tour  records.  It  is  not  necessary,  for  plotting,  to  figure  corrections 
between  depths  below  surface  and  depths  below  stratigraphic 
datum.  A  graphic  scale  may  merely  be  placed  in  such  a  position 
on  the  chart  as  to  automatically  correct  for  the  distance  of  the 
derrick  floor  above  or  below  the  stratigraphic  datum  line. 

At  the  left  end  of  the  progress  chart  is  a  composite  graphic  log 
of  formations  between  stratigraphical  datum  and  the  bottom  of  the 
stratigraphically  deepest  well  in  the  group. 

All  lines  of  correlation  are  horizontal  on  the  progress  chart. 
Drilling  operations  in  any  well,  plotted  as  the  work  progresses,  can 
be  referred  across  the  chart  to  the  composite  log  for  a  check  on  the 
formational  progress  of  the  work. 

As  formations  logged  in  certain  wells  may  not  be  logged  (al- 
though present)  in  a  well  being  drilled,  the  combination  of  condi- 
tions, such  as  water  sands,  caves,  shells,  etc.,  for. all  wells  of  a 
group,  in  a  composite  log  is  a  useful  guide,  although  it  should  not 
displace  the  ordinary  cross-section  for  accurate  work. 

In  preparing  cross-sections,  where  the  correlations  are  definitely 
known,  stratigraphic  datum  can  be  used  as  the  base  ^jne,  instead 
of  sea  level.  As  on  the  progress  chart,  this  will  make  the  lines  of 
correlations  horizontal  and  is  a  convenient  method  for  comparison 
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of  relative  depths,  thickness  of  formations,  and  other  inter-related 
features. 

The  Progress  Chart  giVes  a  graphic  history  of  operations  in 
all  the  wells  of  a  group.  For  example,  reading  up  the  vertical  line 
for  August  1,  1917,  on  the  attached  Progressed  Chart,  it  is  easy 
to  tell  how  many  wells  in  the  group  are  completed  or  in  the  oil 
sand  at  that  date,  also  what  wells  were  drilling  or  standing  ce- 
mented. 

The  Progress  Chart  could  be  used  to  advantage  in  the  com- 
parison  of  drilling  records,  either  as  to  personnel  of  crews  or 
methods  of  drilling.  A  comparison  under  this  system  would  be 
more  accurate,  because  of  more  nearly  equal  formational  condi- 
tions, than  a  comparison  by  plotting  to  depths  below  the  surface. 


FIRE  HAZARDS  ABOUT  DRILLING  AND 
PRODUCING  WELLS' 

Many  fires  about  drilling  wells  have  been  started  by  having- 
the  forge  inside  of  the  derrick,  also  by  having  an  open  fire  in  the 
derrick  in  cold  weather.  Tools  should  be  dressed  at  a  reasonable 
distance  from  the  rig,  or  better  still,  at  some  central  station.  How- 
ever, in  "wildcat"  work  sending  tools  to  a  central  station  is  seldom 
feasible. 

Gas  fires  about  oil  wells  being  drilled  are  in  most  instances 
wholly  inexcusable,  as  permitting  gas  to  escape  unchecked  from 
the  well  is  a  wasteful  and,  as  a  rule,  unnecessary  procedure.  The 
gas  should  be  shut  in  as  the  drilling  proceeds. 

Position  of  boilers. — Boilers  should  be  placed  so  that  they  will 
not  be  a  source  of  danger,  if  a  flowing  well  is  brought  in,  or  if  flow^ 
tanks  or  stock  tanks  are  overtopped.  In  some  districts  having 
prevailing  winds,  as  along  sea  coasts,  it  may  be  feasible  to  place 
the  boilers  on  the  windward  side  of  the  well  so  that  the  greater 
part  of  the  time  the  well  gases  will  be  blown  away  from  and  not 
toward  the  boilers.  It  is  well  to  have  wire  gauze  protectors  over 
the  tops  of  the  boiler  stacks,  even  at  plants  where  oil  is  used  for 
firing  the  boilers. 

Lights  for  rigs. — Drilling  rigs  should  be  lighted,  where  possible^ 
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with  electric  lights  and  not  open  torches.  At  producing  wells, 
only  electric  lights  should  be  used;  neither  these  nor  the  wiring 
should  be  placed  on  the  derrick,  but  rather  on  a  pole  several  feet 
from  it,  and  the  bulbs  should  be  protected  with  wire  guards.  If 
the  well  is  flowing  or  producing  much  gas,  it  is  better  to  have  the 
lights  in  a  cluster  on  a  pole  50  feet  or  farther  from  the  well. 

Static  electricity. — Static  electricity  generated  by  the  band- 
>?v^heel  belt,  or  othef  moving  parts  of  the  machinery,  has  often 
caused  fires.  J.  C.  McCue,  superintendent  of  the  Producers  Oil 
Company,  cites  an  instance  where  he  watched  static  electricity 
sparking  between  the  band-wheel  and  a  wet  board,  one  end  of 
which  was  buried,  for  two  hours  or  more,  until  the  board  burst 
into  flame.  Mr.  McCue  takes  the  precaution  to  see  that  all  ma- 
chinery parts  are  grounded  and  that  belts  are  provided  with  prop- 
erly constructed  copper  brushes  attached  to  pipe;  the  pipe  being 
grounded. 

An  instance  has  been  brought  to  the  attention  of  the  writer 
where  a  gas  well  in  process  of  being  drilled  was  ignited  three  times 
before  the  cause  was  found  to  be  static  electricity  generated  at  the 
band  wheel,  passing  through  the  shaft  of  the  wheel  into  the  sand 
reel  and  along  the  sand  line  to  the  bottom  of  the  bailer,  where  it 
formed  a  spark  in  discharging  from  the  bailer  into  the  top  of  the 
casing  as  the  bailer  was  being  lowered  into  the  top  of  the  well. 

Shooting  wells  and  blow-outs. — Fires  have  been  caused  in 
shooting  wells  and  in  striking  gas  pockets  while  drilling,  by  rocks 
being  blown  forcibly  against  the  sheave  wheels  or  rig  irons. 

However,  in  the  majority  of  blow-outs  the  fire,  if  there  is  one, 
will  be  caused  by  gas  or  oil  coming  in  contact  with  the  boiler  fires. 
Sparks  produced  by  rocks  striking  against  the  rig  iron  will  not 
ignite  the  column  of  gas  or  oil  unless  the  spark  happens  to  be 
formed  on  the  outside  of  the  column  where  there  is  sufficient  air 
for  combustion. 

Precautions  about  wells  where  compressed  air  is  used. — In  using 
compressed  air  for  increasing  the  recovery  of  oil  from  wells,  it  is 
stated  that  "air-gas"  used  in  gas  engines  has  been  ignited  and  the 
flame  traveled  back  in  the  pipes  to  the  well.  This  can  be  prevented 
by  inserting  at  the  proper  point  in  the  gas  line  a  section  of  larger 
pipe  filled  with  small  iron  tubes  or  rods  that  will  smother  the 
flames  by  "cooling,  much  the  same  as  the  gauze  in  a  safety  lamp 
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prevents  the  gases  being  ignited  by  the  flame  of  the  lamp.  Some- 
times oil  will  flow  from  a  well  by  the  compressed  air,  and  fires  are 
reported  to  have  been  caused  by  oil  getting  into  the  air-gas  and 
reaching  the  gas  engines.  This  can  be  prevented  by  installing* 
a  trap  in  the  gas  line,  through  which  the  gas  must  pass  before 
reaching  the  engine. 

Gas  scrubbers. — Where  natural  gas  is  taken  directly  from  a  well 
and  used  to  drive  engines,  fires  have  been  started  by  sand  in  the 
gas  striking  the,  sides  of  the  exhaust  pipe  and  causing  sparks. 
This  danger  can  be  eliminated  by  passing  the  gas  through  a 
"scrubber"  before  it  is  admitted  to  the  engine.  Ordinary  tubular 
boilers  are  often  used  as  scrubbers.  Valves  should  be  placed  in 
such  gas  lines  at  safe  distances  from  the  engines  so  that  if  the  ex- 
haust catches  fire  the  supply  can  be  quickly  shut  off. 

Accumulation  of  gas  in  ravines. — Disastrous  fires  have  been 
caused  by  gas  from  flowing  oil  wells  accumulating  in  ravines  and 
low  places  in  the  vicinity  of  the  wells  and  there  being  ignited, 
the  fire  striking  back  to  the  well  along  the  stratum  of  gas. 

The  danger  of  allowing,  gas  to  accumulate  in  this  manner  is 
exemplified  in  a  serious  accident  near  Drumright,  Okla.,  in  May,. 
1915,  although  the  fire  did  not  strike  back  to  the  well.  It  was  a 
calm,  humid  evening.  An  automobile,  with  a  man  and  two  women 
in  it,  was  passing  near  some  flowing  oil  wells.  As  the  car  crossed 
the  culvert  over  a  small  creek,  there  was  a  terrific  explosion.  The 
women  were  so  badly  burned  that  they  died  in  a  few  hours.  The 
man  was  also  badly  burned.  Investigation  showed  that  a  body  of 
gas  had  accumulated  along  the  creek  bed,  and  the  headlights  of 
the  automobile  had  ignited  this  gas.  The  flash  was  seen  by  people 
several  miles  from  the  scene  of  the  accident 


CHAPTER  II. 


METHODS  OF  SHUTTING  OFF 

WATER 


CEMENTING  OIL  AND  GAS  WELLS 

The  Plug  System* 

Preparation  for  cementing  in  casing. — A  well  properly  drilled 
and  kept  full  of  mud  is  in  perfect  condition  for  cementing.  Wells 
drilled  by  other  methods  should  be  lubricated  or  filled  with  mud. 
Before  running  in  the  casing  it  is  best  to  make  sure  such  casing 
will  go  to  the  bottom  and  turn  freely  in  the  hole.  This  can  be 
done  by  running  in  say  three  joints  of  the  size  of  casing  to  be 
used  on  a  string  of  drill  pipe  to  the  bottom  of  the  hole.  It  may  be 
necessary  to  put  a  rotary  shoe  on  the  end  of  the  casing  for  removing 
lumps  or  straightening  crooks  in  the  hole.  When  the  pipe  is  at 
bottom  a  proper  mud  circulation  can  be  established  and  all  water 
(salt,  alkaline  or  potable),  as  well  as  any  oil  or  gas,  can  be  com- 
pletely excluded  and  the  well  brought  to  condition  for  successful 
cementing. 

The  amount  of  cement  to  be  provided  may  be  roughly  esti- 
mated by  assuming  that  one  sack  (95  pounds)  of  neat  cement  mix- 
ture will  fill  1.25  cubic  feet  of  space. 

If,  for  instance,  an  8-inch  pipe  is  to  be  set  in  an  11-inch  hole, 
it  will  take  between  20  and  25  sacks  of  neat  cement  to  fill  the  calcu- 
lated space  for  100  feet.  There  should  be  provided  a  mixing  box 
about  5  feet  wide  and  8  feet  long  by  18  inches  deep  with  gate  at 
one  end  to  draw  off  the  mixed  cement,  two  cementing  plugs,  bottom 
and  top  (see  Figs.  48  and  49),  two  mortar  hoes,  four  shovels,  two 
galvanized  iron  buckets,  and  a  barrel  to  dip  water  from ;  also  some 
sort  of  screen  to  pass  the  dry  cement  through  to  break  up  and  take 
out  lumps  before  mixing.     Six  men  with  a  box  of  the  size  named 


^Described  by  Mr.  I.  N.  Knapp.     Transactions  A.  I.  M.  E.     Vol.  XLVIII. 
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and  with  the  tools  indicated  will  mix  10  batches  of  eight  sacks  each 
in  one  hour.  It  is  desirable  to  get  the  mixed  cement  in  place  as 
quickly  as  possible,  and  one  to  one  and  a  half  hours  is  about  the 
limit  of  time  in  which  cement  may  be  mixed  for  any  one  job  of 
casing  cementing  and  run  in  place.  If  more  than  80  sacks  of  cement 
are  required,  a  larger  mixing  box,  or  two  boxes  and  more  men,  or  a 
machine  cement  mixer,  will  be  required. 

Mixing  cement  mortars. — It  is  impracticable  to  specify  any  par- 
ticular percentage  of  water  to  be  used  in  mixing  cement  neat  or 
with  sand.  The  best  guide  is  to  use  the  least  possible  amount  of 
water  practical  for  the  work  in  hand. 

As  hydraulic  cements  require  water  to  cause  them  to  set  and 
they  will  also  harden  immersed  in  water,  it  is  a  common  error  to 
suppose  they  cannot  be  harmed  by  an  excess  of  water.  Experi- 
ments show  that  any  excess  in  mixing  is  weakening  in  effect  and 
retards  setting  and  hardening.  In  fact,  a  large  excess  of  water  with 
prolonged  mixing  makes  a  mortar  that  will  not  properly  harden  at 
all. 

If,  for  instance,  eight  sacks  of  cement  are  mixed  with  18  buckets 
of  water  and  the  mixture  works  up  too  thin,  reduce  next  batch  to 
say  16  buckets.  In  all  cases  make  some  measure  of  the  water  to 
get  a  uniform  mixture  of  cement  going  into  the  hole. 

Methods  of  cementing  in  well  casing  and  plugging  wells. — 
There  are  several  methods  of  doing  this,  such  as:  (1)  Lowering  the 
cement  mixture  in  a  dump  bailer,  particularly  for  plugging  wells. 
(2)  Pumping  the  mixture  through  a  tubing  properly  arranged  to 
force  such  mixture  outside  the  casing.  (3)  Using  two  cement  plugs 
and  pouring  or  pumping  the  mixture  in  the  casing  and  forcing  it 
down  and  up  outside  the  casing  by  pump  pressure. 

The  first  method  is  unreliable  and  uncertain  even  in  plugging  a 
wet  hole.    Its  use  should  not  be  attempted  to  cement  in  casing. 

The  second  method  is  open  to  the  objection  of  having  a  string 
of  tubing  to  manipulate  with  the  casing  to  be  set,  and  as  ordinarily 
used  with  one  cementing  plug  gives  a  wet  string  of  tubing  (pipe 
full  of  water)  to  pull  out. 

The  third  method  of  using  two  cementing  plugs  and  displacing 
the  mud  with  cement  by  gravity  or  pumping,  as  hereinafter  de- 
scribed, is  in  my  experience  the  best  for  general  purposes,  as  it 
can  be  used  virith  the  certainty  that  the  cement  will  be  forced  by 
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pump  pressure  into  the  space  between  the  casing  and  wall  of  the 
well  in  the  shortest  possible  time  and  with  the  least  chance  of  con- 
Umination  of  the  cement  mixture. 

The  plugs,  Figs.  .48- and  49,  are  made  of  any  soft  wood  that  will 
drill  out  easily  and  of  a  diameter  to  pass  freely  through  the  pipe 
ID  which  they  are  to  be  used. 

The  bottom  plug  should  be  30  to  36  inches  long,  to  run  in  6  or 


8-inch  pipe,  and  other  sizes  in  proportion.  The  full-size  portion  of 
the  plug  should  be  6  or  8  inches  long,  and  the  diameter  then  re- 
duced to  4  or  5  inches  for  the  rest  of  its  length. 

The  top  plug  should  be  about  8  or  10  inches  long  for  the  same 
sized  pipes.  Both  plugs  are  faced  on  the  bottom  ends  with  one 
thickness  of  seven-ply  rubber  belting  so  that  they  will  fit  snugly 
into  the  casing.  These  pieces  of  belting  act  as  scavengers ;  the  one 
on  plug  A  cleans  the  inside  of  the  pipe  of  mud  as  it  descends  so  as 
not  to  adulterate  the  cement ;  the  one  on  plug  B  tends  to  keep  all 
the  cement  pushed  ahead  of  it. 

Explanation  of  cementing  operations. — Fig.  58  indicates  how 
the  cement  may  be  introduced  into  the  well  by  gravity.  It  shows 
the  lower  panel  of  a  derrick  with  mud  pump  and  connections  to 
jetting  swivel,  also  the  traveling  block.  The  rotary  is  set  to  one 
side.  A  conductor  pipe  is  indicated  as  set  in  the  well  with  the  top 
coupling  replaced  with  a  tee.  The  overflow  from  the  well  may 
thus  be  piped  through  the  conductor  pipe  and  tee  to  the  outside 
of  the  derrick.  In  running  the  casing,  as  shown,  into  the  well,  the 
cementing  plug  A  should  be  run  through  each  joint  as  it  is  hoisted 
up  in  the  derrick  to  be  connected,  in  order  to  make  sure  that  there 
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are  no  blisters,  dents,  or  other  obstructions  in  them.  The  casing  is 
lowered  to  bottom,  marked,  pulled  back  just  enough  so  the  mud 
will  circulate  freely  by  pumping,  and  again  marked. 

After  the  mud  in  the  well  and  pit  is  evenly  tempered  by  circu- 
lation, the  casing  is  hung  on  the  slide  tongs  and  elevators  placed 
on  the  tee  on  the  conductor  pipe  just  under  the  derrick  floor.    The 
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swivel  joint  is  unscrewed  and  set  back.  In  order  that  the  casing 
will  take  the  cement  by  gravity  the  well  is  bailed  down  about  200 
feet  by  displacing  the  mud  with  drill  pipe  or  by  bailing  in  the 
regular  way. 

If  there  is  danger  in  bailing  of  a  gas  blowout  or  a  cavein  from 
water  pressure  other  methods  must  be  employed  as  hereinafter 
described. 

The  well  and  casing  should  be  kept  covered  at  all  times  so  that 
nothing  can  fait  into  the  hole.  After  bailing,  the  swivel  joint  is 
hooked  on  again  and  hoisted  out  of  the  way  to  be  ready  for  instant 
use. 

The  casing  is  indicated  in  the  figure  in  place  ready  for  cement- 
ing. The  mixing  box  is  placed  so  that  when  the  end  gate  is 
opened  the  mixed  cement  will  flow  into  the  top  of  the  casing.  The 
water  barrel  is  placed  conveniently  near  and  means  for  filling  it 
quickly  must  be  provided.  The  cement  required  should  be  stacked 
on  the  derrick  floor  and  all  the  necessary  tools  assembled. 

The  dry  cement  should  be  dumped  from  the  sack  onto  a  screen, 
temporarily  placed  over  the  mixing  box. 
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It  should  not  be  attempted  by  this  method  to  put  in  more  than 
80  sacks  (95  pounds  each),  as  this  is  about  the  limit  that  can  1be 
mixed  in  one  hour,  with  seven  men  and  the  appliances  mentioned. 
Everything  being  ready,  the  lirst  batch  (eight  sacks)  is  mixed,  the 
cover  taken  off  the  casing,  the  plug  A  dropped  in  small  end  up,  and 
the  cement  mixture  run  in.  It  is  best  to  pass  it  through  a  wire 
screen  (J^-inch  mesh)  as  it  flows  into  the  casing,  so  as  to  break  up 
any  dry  lumps. 

The  succeeding  batches  are  mixed  and  run  in  as  rapidly  as  pos- 

• 

sible.  The  neat  cement  mixture  being  much  the  heavier  will  force 
the  mud  down  and  then  up  outside  the  casing.  If  the  casing  is  hung 
up  more  than  12  or  18  inches  from  bottom,  care  must  be  taken  not 
to  push  the  plug  A  below  the  casing  before  being  brought  to  the 
position  as  shown  in  Fig.  56. 

The  required  amount  of  cement  having  been  put  in^  the  plug  B 
is  dropped  in  with  a  cement  sack  on  it  as  a  packer  against  the 
pump  pressure,  the  swivel  joint  connected,  the  elevator  and  slide 
tongs  removed,  the  casing:  lowered  to  12  or  18  inches  off  bottom, 
and  the  mud  pump  started. 

After  the  mud  pump  has  run  long  enough  to  fill  the  swivel  pipe 
'and  some  pressure  is  shown  by  the  pump  gauge,  it  should  be 
stopped  and  the  vent  cock,  indicated  in  Fig.  61,  opened  to  let  out 
the  imprisoned  air.  If  air  is  allowed  to  remain  in  the  casing,  or  if 
the  suction  pipe  of  the  pump  or  the  piston  rod  packing  leaks,  such 
air  becomes  highly  compressed  into  bubbles  in  the  mud  and  may 
cause  trouble.  Meantime  the  mud  pit  is  stirred  up  to  make  the 
descending  column  of  mud  as  heavy  as  possible  to  counterbalance 
th4;  cement  column  outside  the  casing.  The  number  of  revolu- 
tions required  for  the  pump  to  fill  the  casing  should  be  calculated 
and  count  kept  to  anticipate  about  when  the  cementing  plugs  should 
meet. 

The  cement  column  is  forced  by  the  pump  down  the  casing 
between  the  two  plugs  as  indicated  by  Fig.  55.  When  the  first 
plug  gets  to  the  bottom  of  the  well  it  goes  partly  out  of  the  casing 
as  indicated  by  A,  Fig.  56,  and  allows  the  cement  to  pass  outward 
and  up  between  the  casing  and  the  walls  of  the  well.  The  cement 
floats  the  mud  and  it  is  pushed  upward  by  the  pump  pressure. 

When  the  plug  B  meets  the  plug  A,  as  indicated  in  Fig.  56,  the 
cement  is  all  out  of  the  casing  and  the  pump  stops  short  by  reason 
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of  the  plug  obstruction  and  the  sack  packer.  The  casing  should 
now  be  given  a  few  turns  in  the  hole  to  distribute  the  cement.  This 
can  easily  be  done  by  two  men  with  a  chain  tongs.  The  pump 
pressure  remains  on  and  the  casing  is  set  on  bottom  as  indicated 
by  Fig.  57. 


The  vent  is  then  opened  and  there  should  be  only  a  slight  back 
flow,  say  a  barrel  of  mud,  if  all  air  has  been  vented  at  the  proper 
time,  and  the  casing  shoe  is  tight.  It  will  be  necessary  to  hold  the 
pump  pressure  for  twenty-four  hours  if  there  is  a  strong  back  flow. 

Objections  to  cementing  by  gravity. — This  method  requires  a 
reduction  of  the  mud  head  in  the  well  by  bailing  and  gives  oppor- 
tunity for  a  gas  blowout  or  for  oil  or  ground  waters  to  enter  and 
cave  the  well. 

Also,  the  lower  end  of  the  casing  is  open,  which  may  act  as  a 
scraper  against  the  walls  of  the  well  and  the  casing  may  become 
filled  with  thick  mud  enough  to  prevent  the  passage  of  the  plugs 
It  is  the  practice  of  some,  after  a  string  of  casing  with  the  lower  end 
open  is  run  in  and  the  mud  circulation  established,  to  hand  up  tli» 
casing,  unscrew  the  swivel  joint,  throw  in  a  cement  sack  and  pump 
it  down  to  make  sure  the  casing  is  clear  before  cementing. 

If  there  is  no  danger  in  bailing  the  well  down,  or  in  plugging 
the  lower  end  of  the  casing  with  the  thick  stuff,  and  80  sacks  or  less 
of  cement  is  to  be  used,  the  gravity  method  is,  I  think,  the  best 
that  can  be  devised. 
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Necessity  of  using  neat  cement.— By  the  means  described  the 
neat  cement  reaches  the  bottom  of  the  casing  with  but  little  if  any 
contamination. 

The  only  means  we  have  of  scavenging  the  outside  of  the  cas- 
ing and  walls  of  the  well  is  by  floating  the  mud  up  and  displacing 
it  with  the  cement  mixture. 


FiR.  58— Aringcinent  for  introducing  cement  by  gravity 

The  heavier  the  cement  the  better  this  action,  hence  it  is  desir- 
able to  use  the  cement  neat  and  not  reduce  it  with  sand.  The 
cement  gets  contaminated  and  mixed  to  an  unknown  degree  with 
the  mud  clinging  to  the  outside  of  the  casing  and  the  walls  of  the 
well,  which  also  makes  the  use  of  a  neat  cement  practically  nec- 
essary. 

Fig.  61  indicates  a  general  surface  arrangement  for  pumping  the 
cement  into  the  casing.    The  view  is  at  right  angles  to  that  shown 
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in  Fig.  58,  with  two  pumps  set  as  commonly  used  in  rotary  drilling. 
To  increase  the  cement-mixing  facilities,  two  mixing  boxes  can 
be  used  as  shown,  or  a  machine  mixer  employed.  The  mixed  ce- 
ment is  drawn  into  a  barrel,  sunk  below  the  surface.  The  suction 
pipe  of  the  pump  to  the  right  is  extended  into  the  cement  barrel 
and  the  pump  to  the  left  has  its  suction  opening  in  the  mud  pit 
(not  shown). 

The  manipulation  is  the  same  as  in  the  gravity  method  of  put- 
ting in  the  cement,  except  that  when  the  plug  A  has  been  dropped 
in,  the  swivel  joint  is  again  connected,  and  the  cement  pumped  in. 
When  the  cement  is  all  in,  the  vent  cock  is  opened ;  air  will  be  drawn 
in  because  the  descending  column  of  cement  will  push  ahead  the 
lighter  mud  and  make  a  vacuum. 

The  swivel  pipe  is  then  disconnected,  the  plug  B  and  sack  put 
in;  the  pipe  is  again  connected,  and  the  mud  pumping  started.  1 
usually  arrange  for  the  mud  pump  to  discharge  into  the  cement 
barrel  so  that  the  cementing  pump  will  run  on  mud  and  thus  clean 
itself  and  the  connections  of  cement.  Since  the  surface  of  the 
cement  may  fall  100  feet  or  more  and  the  casing  fill  with  air  when 
opened,  it  is  essential  to  vent  this  air,  after  the  pump  gauge  shows 
some  pressure,  as  before  described. 

Improvement  on  the  cementing  methods  described. — The  bottom 
cementing  plug  A  has  ;,o  pass  partly  out  of  the  lower  end  of  the 
casing  in  order  to  become  operative  by  the  common  method,  and 
this  prevents  the  use  of  a  back-pressure  valve.  As  the  use  of  such 
valve  together  with  two  cementing  plugs  was  desirable  in  deep 
.(2000  feet)  well  cementing  operations,  I  invented  a  method  for  the 
simultaneous  use  of  both,  as  shown  in  operation  in  Fig.  59. 

This  apparatus  consists  of  a  double-swedged  by-pass  nipple  (if 
for  an  8-inch  string)  made  of  a  piece  of  9-inch  pipe  about  24  inches 
long,  swedged  to  8  inches,  threaded  on  both  ends  and  couplings 
screwed  on.  Near  one  end  of  the  9-inch  section  two  brass  bars  are 
put  across  at  right  angles,  thus  forming  a  rest  for  the  bottom  plug, 
and  when  the  plug  is  in  the  position  shown  the  cement  is  by-passed 
so  the  plugs  can  meet. 

The  brass  bars  can  be  made  of  ^-inch  brass  pipe.  They  must 
be  substantial,  since  the  pump  pressure  may  rise  to  400  pounds  and 
menting  plugs  out  of  the  casing  and  permits  the  use  of  a  back- 
pressure valve  is  screwed  into  the  bottom  coupling  on  the  by-pass 
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nipple  as  shown  in  Fig.  59.  This  should  be  a  substantial  brass 
valve  for  deep  work.  The  bars  and  valve  are  made  of  brass  so 
that  they  can  be  easily  drilled  out,  with  the  wcoden  plugs,  at  the 
proper  time. 


He.    39-  Fi..  60 

double    >wcdgc  above  >cr«D 

Under  the  back-pressure  valve  is  fitted  a  9  to  8-inch  swedge 
nipple  not  threaded  on  the  9-inch  end.  This  acts  as  a  casing  shoe 
and  protects  the  valve. 

The  two  couplings  on  the  by-pass  nipple  should  be  screwed  up 
as  fight  as  possible  and  then  pinned  or  riveted  in  each  thread. 
When  the  wooden  plugs,  brass  bars,  valve,  and  cement  are  being 
drilled  out,  there  is  a  possible  danger  that  these  threads  may  work 
loose  by  the  action  of  the  drill  and  the  parts  unscrew.  This  would 
make  trouble,  and  should  be  avoided. 

Advantage  of  using  the  double-swedged  nipple. — This  invention 
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(not  patented)  prevents  the  possible  accidental  passage  of  the  ce- 
menting plugs  out  of  the  casing  and  permits  the  use  of  a  back- 
pressure valve.  This  valve  prevents  thick  mud  from  being  forced 
back  into  the  casing.  The  casing  can  be  partly  floated,  thus  mak- 
ing a  long  string  much  easier  to  handle.  The  casing  can  be  bailed 
down  to  take  any  quantity  ot  cement. by  gravity  without  endanger- 
ing the  well,  also  the  cement  mixture  after  passing  the  valve  can- 
not flow  back  into  the  casing.  The  cementing  operation  may  be 
done  by  gravity  or  pumping  as  before  described. 

Setting  screen  and  cementing,  casing  above. — When  casing  ce- 
menting is  required,  it  is  usually  necessary  also  to  set  a  screen,  to 
make  a  proper  test  for  oil  or  gas  or  bring  a  well  in  from  a  known 
horizon.  In  such  cases  I  prefer  to  set  a  screen  the  full  size  of  the 
casing  required,  for  the  closer  the  screen  fits  to  the  walls  of  the 
well  the  better  for  the  well. 

The  screen  with  two  joints  of  the  same  size  casing  above  may 
be  run  in  on  a  string  of  drill  pipe. 

Fig.  60  shows  a  screen  set  in  place  with  all  necessary  fittings. 
The  brass  blade  shown  at  the  very  bottom  is  to  produce  friction  in 
order  that  the  left-hand  thread  at  the  top  of  the  screen  may  be 
easily  unscrewed  at  the  proper  time.  The  short  one-thread  nipple 
is  to  hold  the  brass  blade  and  protect  the  back-pressure  valve.  This 
valve  is  for  the  purpose  before  described,  and  permanently  closes 
the  lower  end  of  the  screen  when  set.  The  wash  plug  in  the  lower 
end  of  the  screen  serves  as  a  guide  and  packer  to  the  wash  pipe. 
The  function  of  the  wash  pipe  is  to  carry  all  the  mud  down  through 
the  screen  and  the  back-pressure  valve  so  it  may  pass  up  outside 
the  screen  and  casing. 

The  screen  may  be  of  any  size  or  length  and  made  with  drill 
holes  only  or  wire  wound  to  any  mesh  desired.  At  the  top  of  the 
screen  is  a  left-hand  nipple  two  or  three  feet  long  with  the  left- 
hand  thread  up.  By  putting  the  proper  tension  on  the  drill  pipe 
and  turning  the  left-hand  thread  unscrews  and  leaves  the  screen  in 
the  hole.    The  wash  pipe  is  pulled  out  by  the  pulling  ring. 

When  the  coupling  (6  or  8-inch)  containing  the  pulling  ring  is 
landed  on  the  elevators  at  the  surface  and  the  joint  above  un- 
screwed, then  the  wash  pipe  elevators  (2  or  2J^  inches)  may  be 
put  on  under  the  top  coupling  of  the  string  and  the  wash  pipe 
pulled. 
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Plugging  top  of  screen  for  cementing. — A  soft  wooden  plug 
about  20  inches  long  is  made  as  shown  in  Fig.  50.  The  bottom  of 
the  plug  is  made  conical  as  a  guide  in  entering  and  the  body 
cylindrical  to  fit  tight  into  the  screen  nipple,  which  has  a  left-hand 
thread. 

The  top  is  rounded  over 
to  guide  the  swedge  nipple 
that  is  later  placed  to  fit 
down  over  the  left-hand 
thread.  A  lJ4-inch  vent  hole 
is  bored  through  the  axis  of 
the  plug  in  order  to  allow 
the  mud  to  flow  back  into 
the  drill  pipe  is  setting  the 
plug. 

A  counter-sink  6  inches 
deep  is  made  in  the  top  of 
the  plug  50  that  it  may  be 
fitted  on  the  end  of  the  (4- 
inch)  drill  pipe.  A  piece  of 
leather  is  nailed  over  the 
vent  hole  in  the  bottom  of 
the  counter-sink    so     as    to  Fig,  6i 

make  a  flap  valve.  "angimfn     or  m  ro  ucing  M  r 

The  plug  is  then  run  in  on  a  string  of  drill  pipe  to  bottom. 

I  have  found  by  experience  that  enough  loose  material  will  be 
pushed  ahead  of  the  plug  to  pack  efficiently  outside  the  left-hand 
nipple  so  that  no  cement  will  flow  dovra  outside  the  screen  in  ce- 
menting. Pump  pressure  is  put  on  the  drill  pipe,  which  closes  the 
flap  valve  in  top  of  the  plug.  The  string  is  then  raised  and  the 
drill  pipe  pulls  out  of  the  plug,  an  immediate  fall  of  pressure  being 
shown  byithe  pump  gauge,  indicating  that  the  plug  is  left  in  place. 

The  string  of  pipe  is  pulled  out  and  the  well  is  then  in  shape 
for  running  in  a  string  of  casing  and  cementing. 

Cementing  the  casing  above  the  screen.— On  this  string  should 
be  a  by-pass  nipple,  as  previously  described.  Whether  a  back- 
pressure valve  is  to  be  used  or  not  is  determined  by  the  depth  and 
conditions  of  the  well.  The  string  (if  8-inch)  should  have  on  its 
bottom  end  a  9  by  8-inch  swedged  nipple.    The  9-inch  end  should 
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be  cut  with  an  offset  and  the  lip  thus  formed  bellied  out  slightly 
as  indicated  in  Fig.  51.  The  purpose  of  this  lip  is  to  guide  the  plug 
and  screen  in  line  by  turning  the  casing  and  to  give  a  "feeling" 
which  will  indicate  whether  the  swedge  nipple  is  resting  on  top  of 
the  plug  or  has  slipped  down  over  the  left-hand  thread  as  it. should. 
The  string  is  lowered  to  bottom  and  marked,  then  pulled  up  until 
the  circulation  of  mud  is  good. 

The  cementing  operation  may  be  done  by  the  methods  already 
described.  After  the  cement  has  had  time  to  harden  (five  days 
should  be  plenty),  the  wooden  plugs,  brass  bars  and  back-pressure 
valve  may  be  drilled  out,  the  inside  of  the  screen  washed  out  with 
mud  down  to  the  wash  pipe  plug,  and  the  drill  pipe  then  withdrawn. 
A  gate  valve  should  be  put  on  the  casing,  and  the  well  is  then 
ready  to  bail  to  test  for  oil  or  gas. 

Plugging  wells  by  cementing. — ^The  two-plug  cementing  system 
is  well  adapted  to  put  in  a  cement  plug  in  the  bottom  of  a  well  to 
exclude  water  or  fill  a  well  any  distance  with  cement  mortar.  For 
instance,  if  it  is  desired  to  plug  off  the  bottom  20  feet  of  a  hole,  the 
proceeding  would  be  practically  the  same  as  cementing  in  a  casing 
but  no  by-pass  nipple  or  back-pressure  valve  would  be  used,  and 
the  drill  pipe  would  be  employed  to  pass  the  cement  to  the  bottom 
of  the  hole.  The  bottom  plug  should  be  made  36  inches  long,  but 
not  tapered,  and  bored  full  of  holes,  which  are  filled  with  lead  so 
that  the  plug  will  stay  on  the  bottom.  The  operation  should  be  so 
performed  that  the  bottom  plug  will  shut  off  the  pump  when  it 
reaches-  bottom,  and  not  by-pass  the  cement  as  before  described 
The  drill  pipe  should  then  be  pulled  back  until  the  bottom  plug 
passes  out.  About  half  the  cement  to  be  placed  should  be  pumped 
through,  then  the  drilling  pipe  should  be  pulled  back  proportion- 
ately. 

The  top  plug  and  the  sack  should  be  used  to  push  the  cement 
ahead  and  to  prevent  mixture  with  the  mud  following. 

In  cementing  off  20  feet  a  surplus  of  cement  mixture  should  be 
put  in  and  the  drill  pipe  pulled  back  only  about  22  feet  from  the 
bottom  and  the  mud  circulation  kept  on  for  half  an  hour  to  dis- 
sipate the  surplus  cement. 

By  this  method  of  building  up  a  cement  plug  from  the  bottom 
there  need  be  no  time  limit  to  the  completion  of  the  cement- 
plugging  operation,  as  the  drill  pipe  can  be  pulled  back  from  time 
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to  time  and  cement  kept  going  in  until  the  hole  is  completely  filled. 
The  drill  pipe  should  have  a  scavenger  plug  passed  through  it  about 
every  hour  to  keep  it  clear  of  set  cement ;  the  joints  as  disconnected 
at  the  top  should  be  washed  clear. 

Short  plugs  should  be  made  of  neat  cement.  Larger  ones  may 
be  cement  and  sand  mixtures. 

Dump-Bailer  Cementing  Process* 

General  remarks. — In  cementing  a  string  of  casing  with  the 
dump  bailer,  the  liquid  cement  is  lowered  to  the  bottom  of  the  hole 
with  a  bailer  which,  as  its  name  indicates,  discharges  or  dumps  its 
load  instead  of  picking  it  up  like  the  ordinary  bailer.  By  this 
method  two  or  three  tons  of  cement  is  dumped  into  the  bottom  of 
the  well.  As  many  runs  are  made  with  the  bailer  as  may  be  nec- 
essary to  deposit  the  entire  quantity  of  cement  to  be  used.  The 
required  quantity  can  almost  never  be  lowered  in  one  load.  After 
this  is  done,  the  casing  is  pulled  up  20  to  40  feet  off  bottom,  or  so 
that  the  shoe  will  be  above  the  cement  level.  The  casing  is  filled 
with  water  and  then  closed  at  the  top  with  a  steel  plug,  or  other 
suitable  fitting,  and  is  lowered  firmly  to  the  bottom  of  the  hole. 
There  being  no  outlet  at  the  top  of  the  casing  for  the  water,  the 
cement  cannot  enter  at  the  bottom,  so  it  takes  the  only  open  course 
and  rises  outside  the  casing,  filling  the  space  between  the  casing 
and  the  walls  of  the  hole. 

Description  of  dump  bailer. — There  are  several  types  of  dump 
bailers  in  use;  also,  there  are  several  ways  to  transform  an  ordinary 
dart  bailer  into  a  makeshift  dump  bailer,  but  such  makeshifts  are 
unsatisfactory  and  likely  to  cause  trouble.  A  satisfactory  type  of 
dump  bailer  is  the  one  shown  in  Fig.  61-A.  The  shell  of  this 
bailer  is  of  two  joints  of  pipe  swaged  to  connect  in  a  coupling  of 
the  same  external  diameter  as  the  joints.  As  the  bailers  vary  in 
size  according  to  the  size  of  casing  in  which  they  are  to  be  used, 
dimensions  are  omitted  here.  The  bail  "a"  terminates  in  a  bottle 
neck  through  which  the  rod  "b"  is  free  to  slide.  The  enlargement 
at  the  lower  end  of  this  rod  is  bored  as  a  rope  socket  to  receive 
the  ^-inch  wire  dump  line  "c."  The  rod  is  provided  with  a  latch 
"d,"  in  general  de.sign  similar  to  that  on  the  shaft  of  an  old-fashioned 
umbrella.    The  upper  end  of  the  rod  is  threeaded  to  screw  into  th<» 
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Tig.   61A — Dump   Bailer 


bottom  of  a  tool  joint.  This  joint  has  a 
pin  on  its  top  to  make  up  with  the  box  of 
the  rope  socket  so  that  the  dump  bailer 
may  be  run  on  the  drilling  line.  Riveted 
to  the  bottom  of  the  bailer  is  an  annular 
steel  valve  seat.  The  valve  "e"  is  of  steel 
and  in  the  form  of  a  truncated  cone.  Of 
course,  a  ball  would  do  the  work  as  well 
as  the  cone.  The  wire  line,  or  chain  if 
preferred,  which  connects  the  rod  "b" 
with  the  cone,  must  be  babbitted,  or 
otherwise  securely  attached  to  both  rod 
and  cone,  as  the  entire  weight  of  the 
bailer  and  contents  must  be  carried  by 
the  dump  line  or  chain.  It  is  worth  not- 
ing that  if  either  of  these  two  babbitted 
connections  fail,  only  the  cone,  or  at  worst 
the  cone  arid  the  dump  line,  will  be  left  in 
the  hole,  as  the  shell  of  the  bailer  will 
hang  on  the  butt  of  the  rod  "b." 

When  this  bailer  is  run  to  bottom,  the 
rod  slips  down  through  the  bottle  neck  in 
the  bail,  thus  throwing  about  three  feet  of 
slack  in  the  connecting  cable.  When  the 
bailer  is  lifted  again  the  latch  engages 
with  the  bail  and  the  entire  device  is 
brought  to  the  surface  with  the  valve 
dangling  about  three  feet  below  the  valve 
seat.  There  is  thus  no  possibilty  of  the 
bailer  not  discharging  its  contents.  In 
running  such  a  bailer  in  a  hole  full  of 
fluid  it  tends  to  float  if  lowered  too  rapid- 
ly. The  latch  will  then  trip  the  bailer 
and  discharge  the  contents.  Such  an  ac- 
cident is  particularly  apt  to  occur  when 
the  fluid  level  is  several  hundred  feet  be- 
low the  surface.  Such  premature  unload- 
^  ing  may  take  place  without  the  driller's 
knowledge  and  go  undetected  until  the 
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job  is  found  to  be  unsuccessful.  All  this  trouble  will  be  avoided  by 
care  in  lowering  the  bailer  slowly  enough,  allowing  no  slack  in  the 
drilling  cable.  In  the  type  of  construction  illustrated  in  Fig.  61-A 
more  than  two  joints  of  the  pipe  may  be  used  if  so  desired. 

Method  of  use. — In  order  to  reset  the  latch  for  another  run,  the 
<5hell  of  the  bailer  must  be  supported  and  the  rod  lowered  enough 
to  allow  the  latch  to  be  pushed  into  the  rod  and  so  held  until  the 
rod  is  pulled  up  through  the  bottle  neck.  This  can  be  done  more 
conveniently  with  the  top  of  the  bailer  near  the  derrick  floor  than 
by  resting  the  bottom  of  the  bailer  on  the  floor.  A  convenient 
method  is  to  have  two  pieces  of  timber  4  by  6  inches  by  2  feet  coped 
to  fit  the  bailer,  with  two  long  bolts  connecting  their  ends.  By 
drawing  the  bolts  tight  the  wood  clamps  will  grip  the  bailer  and, 
resting  on  the  top  coupling  of  the  casing,  hold  it  while  the  latch  is 
set.  The  bolts  may  be  loosened  and  the  bailer  lowered  through  the 
clamps,  which  are  then  in  place  when  the  bailer  is  again  raised 
through  them. 

The  dump-bailer  method  is  frequently  used  when  a  water  string 
is  to  be  set  with  a  relatively  small  amount  of  cement,  say  less 
than  two  tons.  The  cement  is  mixed  in  a  box  on  the  derrick  floor 
in  batches  according  to  the  capacity  of  the  bailer.  After  cement 
has  been  wet,  it  should  not  be  held  over  for  the  next  batch.  Surplus 
cement,  after  the  bailer  has  been  filled,  should  be  discarded.  A 
convenient  rule  is  to  figure  that  each  sack  of  cement  when  mixed 
will  occupy  1.15  cubic  feet.  This,  of  course,  allows  for  the  excess 
of  water  used  to  obtain  the  necessary  fluidity,  as  well  as  to  prevent 
the  cement  from  taking  its  initial  set  too  quickly. 

The  bailer  latch  is  set  and  the  bailer  hung  in  the  hole  with  the 
shell  seated  on  the  cone  valve  so  that  theh  top  of  the  shell  comes 
level  with  the  floor  and  under  a  spout  or  swing  pipe  leading  from 
the  cement  box.  The  bailer  is  then  loaded  and  run  to  bottom  in 
the  manner  described.  It  is  advisable  to  have  a  bailer  large  enough 
so  that  the  period  from  the  time  the  first  batch  of  cement  is  wet 
until  the  job  is  completed  will  not  exceed  two  hours.  It  is  impor- 
tant to  have  enough  men  with  hoes  at  work  to  insure  that  the  mix- 
ing of  each  batch  is  commenced  as  soon  as  the  last  of  the  preceding 
batch  has  left  the  mixing  box,  and  the  mixed  cement  will  not  have 
to  be  kept  waiting  for  the  bailer.  Frequently,  while  a  driller  and 
tool  dresser  are  lowering  and  dumping  a  bailer,  pulling  out  and  re- 
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setting  the  latch  and  getting  the  bailer  in  position  for  the  next 
charge  of  cement,  the  other  men  get  the  cement  ready  to  pour.  This 
is  the  ideal  arrangement,  but  one  dares  not  speed  up  the  bailer 
movements  to  any  great  degree,  and  as  more  than  five  hoes  in  say,  a 
10-sack  mix,  does  not  accelerate  mixing,  the  controlling  time  factor 
is  the  depth  of  the  hole.  Nevertheless,  when  cementing  a  deep  hole 
care  can  be  taken  that  the  mixed  cement  does  not  have  to  wait  for 
the  bailer.  If  the  dry  cement  is  piled  into  the  high  end  of  the  mix- 
ing box  away  from  the  outlet,  and  a  nozzle  be  used  on  the  water 
hose  so  that  a  high-pressure  stream  of  water  may  be  played  back 
and  forth  across  the  box  impinging  on  the  pile  of  cement  so  as  to 
cut  and  mix  it  in  slices  2  to  4  inches  thick,  the  cement  not  only 
mixes  more  quickly,  but  with  fewer  lumps,  and  consequently  re- 
quires less  hoeing  than  if  mixed  entirely  with  hoes. 

During  cementing,  the  hole  should  be  kept  full  of  water,  if  pos- 
sible. After  all  the  cement  has  been  dumped,  the  casing  is  filled 
with  water  and  set,  as  described.  The  well  should  be  left  undis- 
turbed at  least  24  hours  before  the  pressure  within  the  casing  is 
released.  After  this  time  it  is  advisable  to  stretch  the  casing  as 
much  as  experience  has  shown  is  allowable.  The  casing  is  then 
hung  on  clamps  in  this  position  so  that  it  is  held  both  at  the  top 
and  at  the  bottom;  otherwise  the  pipe  tends  to  bend  from  its  own 
weight. 


Cementing  Wells  Without  Plugs  or  Barriers^ 

The  liquid  cement  may  be,  and,  in  fact,  sometimes  is,  pumped 
into  the  casing  on  top  of  the  liquid*  in  the  hole — mud  fluid  or 
water — and  is  forced  down  the  hole  either  by  mud-fluid  or  water 
above  it.  This  procedure  is  like  increasing  the  diameter  of  the 
tubing  job  till  it  becomes  too  large  to  go  inside  the  casing  so  that 
the  casing  itself  must  be  used  instead.  The  w^ash  water  may  be 
either  gaged  in  tanks  or  run  through  a  meter. 

Two  important  questions  arise  in  regard  to  this  method,  as 
follows : 

1.  Will  there  not  come  a  time  as  the  diameter  of  the  tubing  in- 
creased when  the  cement,  being  heavier  than  the  mud-fluid  or  the 
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•water,  will  work  down  into  the  lighter  fluid  below  and  become  so 
-diluted  that  it  will  not  set? 

2.  How  will  an  operator  determine  the  end  point  and  know 
-when  to  land  his  casing? 

To  answer  the  first  question  it  is  well  to  define  limits  and  to 
-consider  casings  between  the  sizes  of  3  inches  and  10  inches. 
Strings  of  12j4-inch  casing  are  sometimes  cemented  for  certain  drill- 
ing advantages  gained  thereby,  but  rarely  is  a  string  of  casing 
larger  than  10  inches  in  diameter  cemented  by  a  pumping  method. 
It  is  fair  to  assume  that  if  the  cement  does  not  mingle  with  the 
other  fluid  in  the  hole  under  conditions  favorable  to  intermingling, 
it  will  not  do  so  under  conditions  less  favorable. 

Citations  may  be  made  of  two  wells  having  unfavorable  condi- 
tions under  which  the  cement  set.  In  both  these  wells  the  peculiar 
conditions  of  the  job  made  it  impossible  to  foretell  how  much 
cement  would  be  required;  hence  a  considerable  excess  had  to  be 
provided  to  insure  a  sufficient  supply.  Both  illustrations  are  from 
the  wide  experience  of  Mr.  F.  W.  Scott  of  Taft,  Cal.,  who  was  in 
personal  charge  of  the  work.  One  well  belonged  to  the  Pacific 
Midway  Oil  Company,  near  Maricopa,  Cal. 

The  other  instance  involved  a  bottom-hole  job  in  which  it  was 
important  that  the  cement  should  fill  35  feet  in  the  bottom  of  the 
hole,  but  no  more.  The  hole  was  4135  feet  deep  in  the  east  side 
of  the  Coalinga  field.  Forty-two  sacks  of  cement  were  mixed,  40 
pounds  of  water  to  100  pounds  of  cement,  and  pumped  to  the  bot- 
tom through  2-inch  tubing.  When  the  cement  was  all  in  the 
tubing  was  pulled  up  35  feet  oft'  bottom  and  the  pumps  started 
forcing  water  down  the  tubing  until  the  cement  above  this  point 
was  all  washed  back  to  the  surface  between  the  2-inch  tubing  and 
the  6-inch  casing.  Mr.  Scott  was  kind  enough  to  catch  a  sample  of 
the  return  cement  in  a  quart  preserve  jar  and  express  it  to  the 
ivriter  after  the  cement  had  set.  Ten  days  after  the  sample  had 
been  caught,  the  writer  broke  the  glass  jar  away  from  the  cement 
and  found  it  set  hard.  There  had  been  no  shrinkage  of  the  cement 
cake  away  from  the  wall  of  the  jar,  as  was  demonstrated  by  the 
highly  glazed  surface  of  the  cake,  and  by  the  impress  of  the  label 
pressed  in  the  glass.  When  the  jar  was  first  opened  the  top  of  the 
cement  was  sufficiently  soft  to  be  easily  scraped  with  a  knife,  but 
the  lower  part  was  hard.     Though  this  slug  of  cement  gave  the 


188  PETROLEUM  PRODUCTION  METHODS 

appearance  of  having  suffered  considerable  dilution  when  in  the 
liquid  condition,  it  had  set  hard  enough  for  ordinary  well  purposes. 

The  whole  force  of  these  instances  in  connection  with  cementing 
casing  without  the  use  of  plugs  or  barriers  is  that  they  represent 
conditions  where  the  cement  was  far  more  subject  to  dilution  than 
in  ordinary  cementing  of  casing  without  plugs.  When  cement  is 
pumped  down  tubing  and  forced  back  to  the  surface  between  the 
tubing  and  the  casing  against  the  force  of  gravity  with  all  the  drag^ 
of  friction  against  casing  and  tubing,  the  agitation  is  considerable. 
The  conclusion  seems  justified  that  when  cement  is  pumped  down 
inside  casing  10  inches  in  diameter  or  smaller,  without  the  use  of 
plugs  or  barriers,  the  cement  mixture  and  the  other  fluids  in  the 
hole  tend  to  intermingle,  though  as  a  rule  this  intermingling  is  not 
serious,  particularly  when  the  cement  has  originally  been  mixed 
with  only  a  small  proportion  of  water. 

The  second  question  as  to  how  to  determine  the  time  to  land 
the  casing  brings  out  a  serious  weakness  in  the  method.  As  either 
a  meter  or  a  gage  tank  may  be  used,  the  relative  accuracy  of  gaging 
or  metering  the  wash  water  is  not  the  question  at  issue.  Consider- 
ing that  such  gaging  is  usually  done  in  50-barrel  or  100-barrel  tanks 
that  have  been  dumped  off  the  trucks  numerous  times,  and  had  their 
sides  dented,  to  be  afterwards  driven  out  to  restore  more  or  less 
the  original  shape  of  the  tank,  the  writer  thinks  the  relative  accu- 
racy of  the  two  systems  is  about  the  same.  The  meter  is  more 
easily  read  than  the  low-gage  wet-line  mark  on  a  notched  stick, 
particularly  if  the  cementing  is  done  at  night.  The  use  of  the  meter 
also  reduces  the  chances  of  error  by  eliminating  one  set  of  compu- 
tations. All  things  considered,  assuming  no  errors  in  computation, 
the  general  average  of  10  cubic  feet  of  allowable  variation  between 
the  volume  of  measured  water  and  the  actual  capacity  in  a  2500-foot 
hole  of  10-inch  casing  is  a  close  limit.  This  is  an  allowable  error  of 
about  0.7  per  cent,  and  is  here  applied  alike  to  both  methods  of 
measurement.  Ten  cubic  feet  in  10-inch  casing  occupies  about  18 
linear. feet;  that  is,  an  operator's  computation  should  allow  for 
leaving  at  least  18  feet  of  cement  in  the  casing  to  obviate  the  pos- 
sibility of  washing  the  cement  away  from  the  shoe.  He  may  find  " 
either  no  cement  or  about  36  feet  of  it  in  the  casing,  according  to 
whether  the  allowable  error  has  been  minus  or  plus.     Many  oper- 
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ators  do  not  object  to  this  feature,  and  sometimes  require  that  10  or 
20  feet  of  cement  be  left  in  the  hole. 

There  are  two  causes  for  such  a  requirement — first,  the  fear  that 
too  much  water  will  pump  the  cement  not  only  to  the  bottom  but 
up  outside  the  casing  and  away  from  the  shoe  joint  to  a  point  where 
it  is  not  needed.    An  excess  of  water  will  undoubtedly  produce  such 


a  result.  The  second  cause  is  the  claim  that  the  latter  part  of  a 
batch  of  cement  is  "mushy"  and  had  better  be  cleaned  out  of  the 
hole  later  than  to  be  put  behind  the  casing  and  not  do  its  work. 
This  contention  is  supported  by  the  results  at  numerous  wells, 
where  the  cement  left  inside  the  casing  had  a  few  feet  (at  some 
wells)  of  mushy,  chalky  deposit  on  top,  the  underlying  cement 
being  set  hard.  So  firmly  is  this  conviction  held  by  some  operators 
that  even  when  using  the  two-plug  method  they  drop  a  timber 
4  by  4  inches  by  20  feet  long  into  the  casing  between  the  plugs, 
which  will  stop  the  second  plug  20  feet  above  the  first,  thus  leaving 
this  amount  of  cement  in  the  bottom  of  the  casing.  This  practice 
does  not  refer  to  instances  where  a  timber,  say  10  feet  long,  is  used 
to  obviate  the  danger  of  both  plugs  escaping  from  the  casing. 
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It  seems  probable  that  the  "mushy"  cement  constitutes  that 
which  has  adhered  to  the  inside  of  the  casing  and  gradually  settled 
to  bottom  much  diluted,  or  is  composed  of  good  cement  left  inside 
the  casing  and  prevented  from  settling  by  mechanical  agitation, 
such  as  the  working  of  gas  or  some  other  cause. 

On  the  other  hand,  there  is  a  serious  disadvantage  to  drilling 
hard  cement  out  of  a  water  string.  Any  pounding  or  grinding 
inside  the  casing  has  a  tendency  to  crack  and  loosen  the  cement 
mass  formed  around  the  i;xterior  of  the  pipe.  If  some  form  of 
casing  method  is  to  be  used,  the  writer  would  prefer  the  two-plug 
system  without  the  use  of  a  timber  between  the  plugs,  unless, 
owing  to  certain  peculiar  conditions  of  the  hole,  such  a  timber 
should  be  necessary  to  present  the  second  plug  as  well  as  the  first 
from  escaping. 

Tubing  Method  of  Cementing' 

The  tubing  method  of  cementing  casings  in  wells  is  subject  to 
many  variations  and  modifications.  The  essential  features  are  that 
the  liquid  cement  enters  the  well  through  tubing  two  to  three 
inches  in  diameter  which  extends  to  within  a  few  feet  of  the  bot- 
tom, inside  of  the  casing  that  is  to  be  cemented.  Some  provision 
must  be  made  to  prevent  the  cement  from  backing  up  between  the 
tubing  and  the  casing,  and  to  force  it  to  go  up  between  the  casing 
and  the  wall  of  the  hole.  For  this  purpose  a  packing  device  of 
some  kind  is  used  which  seals  off  the  annular  space  between  the  tub- 
ing and  the  casing.  The  packing  device  may  be  placed  at  either  end 
of  the  string  of  tubing  or  at  any  intermediate  point.  For  mechanical 
convenience  it  is  customary  to  put  the  packing  device  either  at  the 
bottom  or  the  top  of  the  tubing. 

In  cementing  a  well  by  the  tubing  method  the  driller  should 
make  sure  that  the  fluid  will  circulate  before  any  other  work  such 
as  putting  in 
inside  of  the 
obviously  use 
it  has  been  pt 
tubing  may  I 
packer  is  freq 
a  packer   mei 
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cement  has  been  mixed  and  pumped  in  under  the  packer  and  fol- 
lowed by  sufficient  water  to  flush  the  tubing  clear  of  the  cement, 
a  stopcock,  or  gate,  at  the  top  of  the  tubing  is  closed,  and  the. 
casing  is  lowered  to  the  bottom  of  the  hole.  After  the  casing  is 
thus  set  on  bottom,  the  tubing,  together  with  the  packer,  should  be 


Fig.  65. — Scott  Cementing  Outfit  Plan. 
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Fig.  65a — Scott  Cement  Outfit  Section. 


pulled  up  enough  to  free  the  packer  before  any  residual  cement 
has  an  opportunity  to  set.  After  the  packer  has  been  thus  loosened, 
water  is  pumepd  down  the  tubing  and  back  to  the  surface  between 
the  tubing  and  the  casing  in  order  to  wash  any  cement  from  inside 
the  casing.  The  tubing  is  then  pulled  out  bringing  the  packer  with- 
it.  This  done,  it  is  advisable  to  completely  fill  the  casing  with 
water  and  close  the  top  with  a  plug  or  other  suitable  fitting,  and 


METHODS  OF  SHUTTING  OFF  WATER  193 


A.     C«iD«iiing   Ht»d.   Ktrn  Trjding  0[1   Co.  C.     Stolt  Tight  Head 
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to  leave  the  hole  in  this  condition  while  the  cement  sets.  In  fact, 
a  column  of  water  should  be  kept  inside  of  the  casing  after  any 
cementing  job  in  order  to  counteract  the  tendency  of  the  liquid 
cement  to  run  back  into  the  casing  through  any  stray  channel  under 
the  shoe.  Some  operators  go  so  far  as  to  set  a  pump  to  hold  a 
certain  water  pressure  on  the  casing,  perhaps  50  pounds  per  square 
inch  or  more,  as  may  be  required.  The  pump  is  watched  and  is  so 
regulated  as  to  counteract  any  leakage  in  the  fittings  and  to  main- 
tain a  steady  pressure  on  the  well. 

The  disadvantage  of  the  bottom  packer  is  that  it  may  leak 
cement  under  high  pressure  and  by-pass  so  much  of  it  above  the 
packer  that  the  packer  cannot  be  pulled.  The  operator  will  then 
have  to  drill  the  cement  and  the  packer  out  of  the  bottom  of  the 
water  string,  with  perhaps  a  joint  or  two  of  tubing.  To  avoid 
the  possible  loss  of  tubing  there  should  be  a  left-hand  thread  con- 
nection between  the  tubing  and  the  packer.  Even  though  sufficient 
cement  may  have  been  forced  outside  of  the  casing  to  make  a  water- 
tight job,  the  severe  pounding  of  the  tools  while  drilling  up  cement 
and  junk  will  probably  crack  the  outside  cement  and  may  even 
tear  a  hole  in  the  water  string  itself. 

This  disadvantage  has  been  overcome  by  omitting  the  packer 
at  the  bottom  of  the  well  and  using  one  at  the  top  instead.  There 
are  several  top  packing  devices  in  use.  Two  forms  of  top  packers, 
or  tight  heads,  as  they  are  commonly  called,  are  shown  in  Figs. 
62  and  63. 

In  addition  to  changing  the  positions  of  the  packing  devices, 
there  arc  several  variations  in  the  method  of  mixing  and  pumping 
the  cement  into  the  tubing.  One  of  the  best  systems  in  use  is  that 
operated  by  William  F.  Scott  of  Taft,  Cal. 

Construction  and  operation  of  Scott  cementing  outfit. — As  shown 
in  Fig.  67,  the  Scott  outfit  is  mounted  on  a  stout  wagon  to  facili- 
tate its  transportation.  It  is  hauled  by  team  or  motor  truck  to  a 
convenient  position  near  the  well  to  be  certiented.  The  main  fea- 
tures of  the  outfit  are  the  wagon,  water  tank,  cement  mixer,  single- 
cylinder  steam  engine  to  drive  the  mixer,  cement  pump,  small  suc- 
tion tank,  and  top  packer  or  tight  casing  head. 

The  water  tank  is  a  galvanized-iron  tank  of  convenient  size, 
securely  mounted  on  the  rear  of  the  wagon  and  fitted  with  a  3-inch 
flange  in  the  bottom  connected  to  the  3-inch  suction  line  to  the 
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pump.  This  line  has  a  2-inch  intake  from  the  main  water-supply 
line,  and  also  has  a  3-inch  branch  discharging  into  the  top  of  the 
tank.  This  tank  is  used  for  gaging  the  water  pumped  after  the 
cement. 

The  cement  mixer  was  built  by  Mr.  Scott  according  to  his  own 
design.  The  mixing  barrel  is  a  piece  of  12J^-inch  casing  about 
Gyi  feet  long  with  a  feed  hopper  as  shown  in  the  illustrations.     This 


Fig.    67— Scott  Cementing  OMtfii,  vLew»d   Irom   side 
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hopper  feeds  the  dry  cement  to  the  mixing  barrel  below.  The  feed 
is  regulated  by  a  sheet  iron  door  operated  by  a  lever  (Fig.  67). 
To  insure  uniform  feed  and  to  break  any  lumps  in  the  dry  cement, 
thus  preventing  it  from  clogging  in  the  hopper,  there  is  a  shaft  fitted 
with  radial  iron  pins.  The  pins  are  about  3  inches  long,  made  of 
■4-inch  round  iron.  The  end  of  this  shaft  and  its  drive  sprocket  are 
shown  at  b.  This  sprocket  is  chain  driven  from  a  jack  shaft,  which 
is  in  turn  driven  from  a  sprocket  on  the  main  line  shaft  of  the 
mixer,  thus  causing  the  small  feeding  shaft  to  rotate  at  a  greatly 
reduced  rate  of  speed  compared  to  the  speed  of  the  line  shaft. 

The  end  of  the  mixing  barrel  under  the  feed  hopper  is  closed 
by  an  ordinary  cap  to  fit  12j4-inch  lO-thread  casing.  In  the  cap 
are  three  holes.  The  central  hole  admits  the  drive  shaft  and  acts 
as  a  bearing  for  it.     The  other  holes  ,one  on  either  side  of  the  cen- 
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ter,  admit  water  in  the  mixing  barrel.  The  two  intakes  provide 
a  more  uniform  distribution  of  water  than  would  be  possible  with 
only  one.  The  line  shaft  is  flanged  directly  to  the  en^ne  shaft, 
thus  gaining  strength,  simplicity,  and  compactness  by  a  straight 
line  drive.  The  bearing  at  the  discharge  end  of  the  mixer  is  held 
by  a  semi-circular  cap  as  shown  in  Fig.  68.  This  cap  is  held  in 
place  by  three  cap  screws  and  thus  can  be  easily  removed.     The  rap 


— Pholo  Courttsy  of  I'nitid  Sulej  Bureso  of  Mines. 

screws  also  permit  accurate  centering  of  the  line  shaft  when  adjust- 
ments may  be  necessitated  from  the  replacing  of  broken  mixing 
"blades.  The  small  three-bolt  shaft  coupling  shown  at  (Fig.  67), 
may  be  disconnected  and  the  adjacent  sprocket  taken  off,  thus 
leaving  the  line  shaft  free  to  be  removed  for  cleaning  and  repairs. 
The  2-inch  line  shaft  has  a  set  of  cast-iron  mixing  blades  (Fii^. 
66-B)  mounted  on  it.  These  blades  are  cast  with  lugs  on  one  side 
of  the  hub  and  notches  with  fii)  degrees  to  them  on  the  opposite  side. 
When  a  set  of  blades  are  slipped  on  the  shaft  the  notches  on  the 
one  will  mesh  with  the  lugs  on  the  adjacent  hub,  thus  each  succes- 
sive blade  is  held  at  90  degrees  to  the  one  preceding  it.     Such  an 
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arrangement  causes  the  entire  set  to  rotate  as  a  unit  without  any- 
radial  sHp.  Two  blades  at  each  end  of  the  set  and  one  or  two  in 
the  middle  are  attached  to  the  shaft  with  set  screws.  This  con- 
struction permits  the  easy  and  quick  replacement  of  broken  blades 
and  obviates  any  machine  work  on  them  except  that  necessitated 
by  the  set  screws.  The  blades  being  of  cast  iron  may  break  if  a 
large  nut,  bolt,  or  other  piece  of  iron  gets  into  the  mixer  by  acci- 
dent along  with  the  cement.  It  is  far  better  to  have  a  broken  blade 
in  the  mixer  than  a  shut  downi  in  its  operation.  Obviating  a  shut- 
down after  the  mixing  of  the  cement  has  once  started  is  most  im- 
portant, as  the  wet  cement  would  not  only  have  an  opportunity  to 
set  in  the  mixer,  but  delay  might  mean  failure  in  the  entire  cement- 
ing job.  The  mixing  blades  are  about  6J^  inches  long  from  the 
center  of  the  hub  to  the  periphery.  The  pitch  of  the  blades  is  such 
that  when  one  looks  into  the  discharge  end  of  the  mixer  the  shaft 
must  rotate  in  a  clockwise  direction.  This  direction  of  rotation 
tends  to  clear  the  cement  away  from  the  bottom  of  the  feed  hopper. 
If  the  main  shaft  of  the  mixer  rotates  at  400  revolutions  per 
minute,  a  ton  of  cement  (20  sacks)  can  be  mixed  in  two  and  one- 
half  to  three  minutes.  The  cement  passes  through  the  chute  at  the 
discharge  end  of  the  mixer  int  othe  small  suction  tank  d  (Fig.  67), 
from  which  it  is  taken  directly  by  the  pump  and  forced  into 
the  well  without  the  necessity  of  working  it  at  all  with  hoes.  The 
mixing  is  entirely  mechanical,  thus  reducing  labor  and  accelerating 
the  process. 

The  engine  used  is  a  single-cylinder,  4 J4  by  5  inches  Clark  steam 
engine,  and  gives  entire  satisfaction. 

A  10x4xl0-inch  Snow  duplex  pump  is  used  to  force  the  cement 
into  the  tubing.  This  pump  will  deliver  at  about  750  pounds  gage 
pressure. 

A  small  galvanized  iron  tank  of  about  20  cubic  feet  capacity  is 
used  as  a  suction  tank.  Almost  any  strong  tank  or  box  of  10  to 
20  cubic  foot  capacity  will  do  for  the  purpose.  The  tank  should 
not,  however,  be  of  a  low  squatty  design.  The  object  is,  of  course 
that  the  suction  tank  carry  as  small  a  quantity  of  cement  as  possible 
so  it  will  be  drawn  off  by  the  pump  as  fast  as  it  is  mixed,  allowing 
no  time  for  any  settling  to  take  place  in  the  suction  box. 

The  top  packer,  or  tight  head,  is  designed  in  many  forms. 

Fig.  66-C  shows  the  tight  head  used  by  Mr.  Scott  when  ce^ 
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meriting  a  string  of  8^-inch  casing.  The  sack  wrapped  around 
the  casing  is  more  to  illustrate  the  necessity  of  packing  than  to 
recommend  the  method  illustrated.  Ordinarily  when  this  head  is 
used  a  steel  plate  bored  to  take  the  tubing  is  slipped  over  the  last 
joint  before  it  is  set  up.  This  rests  under  the  top  coupling  of  the 
tubing  and  presses  soft  hemp  or  other  packing  into  the  annular 
space  between  the  tubing  and  the  tight  head. 

Fig.  66-A,  shows  a  tight  head  used  successfully  in  the  Coalinga 
and  the  Sunset  fields.  This  head  is  bored  to  allow  passage  of  the 
3-inch  tubing,  but  not  a  coupling,  and  must  therefore  be  slipped 
onto  the  last  joint  of  tubing  before  the  latter  is  set  up.  The  head 
is  then  screwed  into  the  top  coupling  of  the  casing  to  be  cemented. 
The  rim  of  the  hole  through  the  casing  head  has  a  small  bevel 
turned  around  it  to  receive  a  ring  of  hydraulic  packing  that  is  put 
around  the  tubing  and  under  the  coupling.  The  follower  plate  may 
be  drawn  firmly  down  on  top  of  the  coupling  by  the  stud  bolts  if 
necessary. 

Some  operators  in  the  Midway  field  have  had  difficulty  with 
various  types  of  tight  heads  that  require  packing  to  make  a  tight 
joint  between  the  tubing  and  the  casing  head.  The  trouble  was 
occasioned  by  leakage  around  the  packing  toward  the  finish  of  the 
cementing  job,  when  the  highest  pressure  is  naturally  used.  To 
get  around  this  difficulty  the  Honolulu  casing  head  shown  in  Fig.  Q2 
was  designed  and  has  proven  satisfactory.  In  this  head  the 
packing  is  replaced  by  threaded  connections. 

In  using  either  the  Honolulu  or  the  Southern  Pacific  Company 
liead,  the  tubing  must  be  lifted  in  order  to  provide  a  relief  vent  for 
washing  surplus  cement  out  of  the  tubing  and  casing  after  the 
tubing  has  been  landed.  With  a  Scott  head  this  operation  is  ac- 
complished by  opening  the  2-inch  stopcock  near  the  pressure  gage. 

The  tight  head  of  the  stuffing  box  type  (Fig.  63),  made  and 
used  by  the  fuel  department  of  the  Southern  Pacific  Company  con- 
sists of  a  stuffing  box  and  follower  drawn  down  by  two  ^-inch  stud 
Dolts.  The  tubing  will  work  through  this  gland,  or,  if  preferable, 
a  coupling  may  be  set  on  top  of  the  follower,  thus  pressing  the  pack- 
ing more  firmly  together  ,as  shown  in  the  drawing.  With  this  type 
of  heading  it  is  not  necessary  to  set  the  weight  of  the  tubing  on  the 
follower  gland  to  compress  the  packing,  hence  the  bottom  of  the 
tubing  may  be  set  at  any  desired  depth  without  regard  to  the  posi- 
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tion  of  couplings  at  the  surface.  It  is  believed  that  this  form  of 
stuffing  box  if  thoroughly  packed  will  prevent  leakage  under  the 
most  severe  conditions. 

Conditions  under  which  tubing  method  is  used. — The  tubing 
method  is  applicable  to  cementing  water  strings  that  are  not  likely 
to  "freeze"  on  standing  while  the  tubing  is  being  inserted.     In  gen- 
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eral,  the  usual  practice  is  that  the  tubing  method  is  not  used  in  the 
hole  where  mud  flush  has  been  circulated  during  drilling.  Like 
every  other  generality,  this  one  has  exceptions.  For  instance,  one 
of  the  large  companies  in  the  Midway  field  used  the  tubing  method 
in  cementing  water  strings  in  a  rotary-drilled  hole.  When  this 
company  has  finished  making  the  hole  and  is  ready  to  set  casing, 
the  drill  pipe  is  pulled  out  and  the  tubing  stood  in  the  derrick  before 
the  casing  is  started.  The  tubing  may  then  be  inserted  far  more 
quickly  after  the  casing  is  all  in  the  hole  than  would  be  possible 
if  it  had  to  be  inserted  by  single  joints. 

Cementing  by  tubing  method  with  Scott  outfit. — The  Scott  ce- 
menting equipment  is  used  in  connection  with  the  tubing  method, 
but  the  mixing  and  pumping  mechanism  may  be  and,  as  a.  matter 
of  fact,  is  used  for  cementing  without  the  use  of  tubing. 


200  PETROLEUM  PRODUCTION  METHODS 

In  cementing  with  the  Scott  outfit  the  first  step  as  in  all  other 
methods  of  cementing,  is  to  get  circulation.  This  is  done  either 
with  pumps  at  the  well  or  with  the  cementing  pumps.  Sufficient 
water  must  be  stored  in  the  temporary  tanks  at  the  well  to  mix  the 
cement  and  to  displace  all  the  cement  from  the  tubing,  and  more 
water  than  this,  either  in  tanks  or  in  a  reliable  pipe-line  system,  is 
desirable  for  reasons  given  later.  The  outfit  is  set  up  near  the 
derrick  and  connected  with  the  local  steam  and  water  supply  lines. 
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A  small  platform  is  built  beside  the  mixing  machine  and  with  a 
walk  to  the  ground.  This  must  be  so  arranged  and  the  dry  cement 
so  placed  that  there  will  be  no  delay  in  feeding  the  mixture.  As 
stated  this  machine  handles  a  ton  of  cement,  or  20  sacks,  every  two 
and  one-half  or  three  minutes ;  that  is  a  sack  every  eight  or  nine 
seconds.  All  wires  or  strings  must  be  taken  off  the  sacks  before 
mixing  is  started.  It  has  been  found  advisable  to  have  the  cement 
handled  by  four  men,  two  working  at  a  time  and  relieving  each 
other  at  frequent  intervals.  If  more  than  two  are  dumping  cement 
at  a  time  they  get  in  each  others  way  and  retard  rather  than  accele- 
rate the  work.     When  everything  is  in  readiness,  clear  water  is 
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pumped  into  the  tubing  at  a,  Fig.  64,  until  returns  flow  from  the 
relief  pipe  b  at  the  casing  head.  The  relief  cock  is  then  closed  with 
the  pump  still  operating  and  with  the  casing  3  or  4  feet  off  bottom. 
This  should  start  the  circulation  around  the  casing  as  shown  in 
view  B,  Fig.  64.  Water  is  then  started  through  the  mixer  by  open- 
ing valves  e,  d,  and  a,  Fig.  65,  and  closing  stopcock  b.  The 
mixing  engine  g  and  the  pump  are  started  and  the  dumping  of  the 
cement  into  the  hopper  is  commenced.  The  most  satisfactory  con- 
sistency for  the  cement  mixture  is  determined  by  experience.  If 
the  mixture  is  sufficiently  thin  to  be  readily  handled  by  the  pumps 
it  has  an  excess  of  water.  A  cement  should  never  be  mixed  any 
thinner  than  this  unless  an  effort  is  being  made  to  force  it  back  into 
sand,  or  some  other  such  object  is  in  view.  Even  the  thickest 
mixture  that  can  be  handled  by  the  pumps  has  a  considerable  excess 
of  water.  This  method  of  estimating  the  fluidity  is  rough,  but 
satisfactory.  A  small  excess  of  water  doubtless  retards  the  setting 
of  the  cement,  but  does  not  weaken  it  to  a  dangerous  degree. 

Before  actual  cementing  is  commenced,  a  computation  must  be 
made  so  that  the  operator  will  know  how  many  inches  of  w?tter 
must  be  pumped  out  of  the  gage  tank  to  equal  the  volume  of  the 
string  of  tubing.  If  the  gage  tank  regularly  mounted  oh  the  outfit 
has  insufficient  capacity  for  any  particular  job,  an  auxiliary  tank 
must  be  set.  If  such  an  auxiliary  tank  is  placed  near  enough  to 
the  pump  the  water  may  be  drawn  from  it  by  merely  dropping  the 
3-inch  suction  hose  into  it,  thus  reducing  the  amount  of  pipefitting. 
After  all  the  cement  has  been  mixed  and  pumped  into  the  tubing 
the  computed  volume  of  water  with  usually  a  small  excess,  10  per 
cent  or  less,  is  pumped  on  top  of  the  cement  (C,  Fig.65).  This  is 
accomplished  by  closing  c  and  h  (Fig.  65  and  gaging  the  water  in 
the  tank  at  the  same  time.  In  this  way  the  water  passes  through 
the  mixer  and  flushes  it  clean.  When  this  is  accomplished  stops  b 
and  f  are  opened  and  a,  d,  and  e  are  closed,  thus  by-passing  the 
mixer  and  sending  the  water  directly  to  the  pump.  When  all  the 
wash  water  is  in,  the  casing  is  set  firmly  on  the  bottom  of  the  hole. 
Under  normal  conditions  this  will  stall  the  pumps.  By  opening 
the  relief  valve  b  (see  Fig.  64  and  c,  Fig.  65)  at  the  casing  head  all 
cement  that  may  have  remained  either  in  the  tubing  or  in  the  casing 
above  the  bottom  of  the  tubing  will  be  washed  out  by  merely  keep- 
ing the  pump  going. 
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After  getting  circulation  at  the  beginning  of  the  job  it  is  unneces- 
sary to  stop  the  pump  or  the  movement  of  the  cement  or  circulating 
fluids  until  the  job  is  entirely  completed  and  the  casing  safely  land- 
ed. If  the  operator  does  not  wish  to  drill  any  cement  out  of  the 
casing  the  tubing  may  be  lowered  to  within  a  few  inches  or  a  foot 
of  the  bottom  and  all  remaining  cement  flushed  out  by  water  being 
pumped  into  the  tubing.  Notwithstanding  the  difference  in  the 
specific  gravities  of  cement  and  water,  it  is  a  remarkable  fact  that 
a  large  slug  of  liquid  cement  with  water  both  above  and  below  it 
may  be  pumped  down  a  string  of  3-inch  tubing,  and  if  desired  can 
be  pumped  again  to  the  surface  through  the  space  between  the 
tubing  and  the  casing  without  excessive  intermingling  between 
the  cement  and  the  water. 

It  must  be  borne  in  mind  that  no  barrier,  not  even  a  cement  sack, 
is  used  between  the  cement  and  the  water  in  this  process.  A  strik- 
ing instance  of  pumping  cement  back  to  the  surface  between  the 
tubing  and  the  casing  occurred  at  one  of  the  Pacific  Midway  Oil 
Company's  wells  in  the  Sunset  oil  field  where  liquid  cement  was 
pumped  into  a  10-inch  hole,  about  ICOO  feet  deep,  through  tubing. 
It  was  desirable  in  this  particular  well  to  pump  in  all  the  cement 
that  the  hole  would  take,  so  18  tons  (360  sacks)  were  mixed  and 
pumped  in.  Of  this  amount  2  or  3  tons  were  washed  back  to  the 
surface.  When  the  cement  came  back  to  the  surface  it  was  in  such 
usable  condition  that  a  tank  was  placed  to  catch  it.  The  tank  full 
of  liquid  cement  was  hauled  to  a  garage  on  the  property  where  the 
cement  was  mixed  with  sand  and  used  for  a  concrete  floor  in  the 
building.  This  condition  of  the  cement  after  being  returned  to 
the  surface  is  the  rule,  not  the  exception. 

Of  course,  if  the  tubing  happened  to  extend  only  a  few  inches  the 
liquid  cement  at  the  bottom  of  the  hole,  only  those  few  inches  of 
cement  would  be  washed  back,  and  the  cement  might  be  so  diluted 
on  reaching  the  surface  that  it  would  not  set ;  but  where,  say,  a  ton 
or  more  cement  is  involved,  it  may  be  washed  back  to  the  surface 
in  fair  condition.  In  most  instances  of  this  kind  there  is  no  useful 
purpose  to  which  the  returned  cement  may  be  put,  so  it  is  usually 
wasted.  Fortunately  it  is  usually  possible  to  estimate  rather  close- 
ly the  requirements  of  the  particular  job. 

The  reader  may  wonder  why  so  much  discussion  should  be 
devoted  to  the  setting  of  the  returned  cement  when  the  chief  con- 
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cern  ts  how  it  sets  underground.  One  important  reason  is  that  if 
the  cement  sets  after  being  returned  to  the  surface,  any  failure  to 
set  underground  can  not  logically  be  attributed  to  the  character  of 
the  cement  nor  to  the  method  of  mixing  and  placing  it. 

Special  method  of  mixing  cement. — The  Shell  Company  of  Cal- 
ifornia uses  an  ordinary  concrete  mixer  fastened  in  the  discharging 
position.  The  mixer  is  set  to  dump  into  a  large  mixing  box  about 
2  feet  square  in  cross  section,  and  approximately  20  feet  long  (Fig. 
69).  A  hose  discharges  water  into  the  mixer  continually  as  the 
cement  is  dumped  in.  Men  with  mortar  hoes  finish  mixing 
the  liquid  cement  as  it  .travels  from  the  concrete  mixer  at  one  end 
of  the  long  box  to  the  6-inch  suction  at  the  other.  From  the  box 
the  cement  is  taken  by  the  puhips  and  delivered  to  the  well. 

The  two  pumps  shown  in  the  left  foreground  of  Fig.  69  are 
mounted  on  a  low  truck.  One  pump  is  for  low  pressure  and  the 
other  for  high  pressure,  and  they  are  10x6x12  inches,  and  10x3x12 
inches  in  size,  respectively.  The  suction  manifold  is  so  connected 
that  it  will  take  either  cement  from  the  long  box  or  water  from  a 
3-inch  connection  into  the  same  manifold.  The  discharge  manifold 
and  the  steam  connection  to  these  pumps  are  so  arranged  that  the 
operator  may  change  from  the  low  to  the  high  pressure  pump,  or 
vice  versa,  without  stopping  the  flow  of  liquid  through  the  tubing 

Some  companies  have  a  hose  connected  to  the  pump-discharge 
manifold  so  that  the  cement  may  be  picked  up  by  the  suction  and 
circulated  through  the  pump  back  into  a  mixing  box,  thus  making 
the  pump  serve  also  as  a  mixer.  This  method  increases  the  wear 
and  tear  on  the  pump  and  necessitates  mixing  all  of  the  cement 
before  putting  any  of  it  into  the  well. 

Use  of  one-plug  method  with  tubing. — A  variation  of  the  tubing 
method  not  extensively  used  at  present  consist  in  placing  a  swaged 
nipple  on  the  bottom  of  the  tubing  and  using  a  wooden  bullet- 
shaped  plug,  having  a  disk  of  rubber  belting  or  leather  nailed  to 
the  flat  end.  This  plug,  point  down,  is  inserted  into  the  tubing  on 
top  of  the  column  of  cement  ,and  is  pumped  down  with  water  in 
the  usual  way.  The  plug  will  stop  when  it  reaches  the  swage 
nipple,  thus  stalling  the  pumps  and  indicating  the  end  point  and 
affording  a  check  on  the  computations.  This  check  is  the  one  ad- 
vantage over  the  common  method  as  described  above.  The  dis- 
advantages are  as  follows : 
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1.  Cement  often  adheres  to  the  sides  of  the  tubing  antf  sub- 
sequently settles  on  top  of  the  plug,  or  else  the  plug  works  down 
into  the  cement  leaving  as  much  as  6  of  7  joints  of  the  tubing  filled 
with  cement.  The  tubing  thus  filled  either  has  to  be  junked  or  else 
the  cement  has  to  be  drilled  out  at  considerable  expense. 

2.  It  is  impossible  to  wash  cement  out  of  the  bottom  of  the 
tubing  or  casing  after  the  latter  has  set. 

3.  If  circulation  is  interrupted,  all  cement  not  already  back  of 
the  casing  is  left  inside  of  it  to  be  drilled  out. 

Use  of  the  Baker  cement  container. — ^The  "Baker  cement  con- 
tainer" is  a  device  to  be  used  under  certain  conditions  when  cement- 
ing with  tubing.  The  container  is  primarily  designed  to  use  when 
circulation  may  be  obtained,  but  when  it  is  impossible  to  get  a 
tight  seat  for  casing  on  the  bottom  of  the  hole.  This  condition  may 
be  caused  by  lost  tools  which  have  been  side  tracked  and  subse- 
quently fallen  in  against  the  casing,  or  the  casing  may  have  become 
"collar  bound"  so  it  may  be  removed  5  or  10  feet,  but  not  enough 
to  clear  the  couplings.  If  the  cementing  job  be  attempted  under 
such  conditions  by  the  ordinary  tubing  method,  or  any  of  the  other 
methods,  an  opportunity  is  afforded  for  the  cement  to  runback  into 
the  hole  from  behind  the  casing  when  the  job  is  allowed  to  stand. 

The  container  is  built  of  cast  iron  and  is  attached  to  the  bottom 
of  the  tubing  by  a  left  hand  nipple  "a,"  Fig.  66  D.  This  nipple  con- 
nects with  the  lower  cone  shaped  part  of  the  container  "b."  When 
the  container  has  been  lowered  to  the  shoe  joint,  or  as  near  the 
bottom  of  the  casing  as  may  be  desirable,  pulling  the  container  up 
a  few  inches  or  a  foot  is  sufficient  to  cause  the  slips  "c"  to  wedge 
against  the  inside  of  the  casing,  holding  the  upper  section  of  the 
plug  firmly  in  the  casing.  Thus  the  rubber  "d"  is  spread  by  the  cone- 
shaped  base  "f,"  making  tight  seal  between  the  plug  and  the  casing. 
When  the  cement  is  pumped  down  the  tubing  it  will  readily  pass 
the  valve  "e"  which  is  seated  by  a  spiral  spring.  The  cement  can 
not,  however,  pass  back  through  this  valve  or  around  the  container 
to  get  above  it,  and  must  therefore  pass  around  the  casing  shoe  and 
follow  the  course  of  circulation. 

When  all  the  cement  has  been  pumped  in,  the  tubing  is  dis- 
connected from  the  plug  by  unscrewing  the  left  hand  nipple  "a." 
Any  residual  cement  in  the  tubing  may  be  pumped  out  and  to  the 
surface,  just  as  in  the  ordinary  tubing  method.     The  container  is 
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prevented  from  slipping  down  the  casing  after  being  disconnected 
from  the  tubing  only  by  the  friction  hold  of  the  slips  and  the  pres- 
sure of  the  cement  on  the  bottom  of  the  container.  However,  if 
the  cement  has  not  pressure  enough  to  hold  the  container  in  place, 
not  much  is  likely  to  run  back  into  the  hole.  As  the  containers  is 
built  of  light  cast  iron  it  is  easily  drilled  up  after  the  cement  has  set. 
Advantages  of  tubing  method. — The  advantages  of  the  tubing 
method  may  be  summarized  as  follows : 

1.  The  method  requires  less  time  after  the  initial  wetting  of 
the  cement  to  completion  of  the  job  than  any  other  method  yet 
devised. 

2.  The  operator  can  leave  any  desired  quantity  of  cement  inside 
the  casing. 

3.  The  storage  space  required  for  wash  water  is  less  than  that 
required  for  the  casing  method  of  cementing. 

4.  When  a  standard-tool  hole  is  to  be  cemented  by  the  tubing 
method  the  volume  of  water  unavoidably  circulated  around  the 
casing  ahead  of  the  cement  is  only  the  contents  of  the  string  of 
tubing.  This  is  a  considerable  advantage  if  the  formation  back  of 
the  pipe  has  a  tendency  to  cave. 

Disadvantages  of  tubing  method.-7-Disadvantages  of  tubing 
method  may  be  enumerated  as  follows : 

1.  Time  is  required  to  run  in  a  string  of  tubing.  This  usually 
has  to  be  laid  down  after  the  job  in  single  joints  and  rolled  away 
from  the  rig  to  permit  unloading  of  pipe  for  the  oil  string,  as 
well  as  other  equipment. 

2.  Although  the  tubing  method  is  quicker  than  the  casing 
method  after  the  cement  is  wet  the  aggregate  time  required  to  do 
the  job  is  considerably  greater  on  account  of  handling  the  tubing. 
For  this  reason  some  form  of  casing  method  is  very  popular  among 
operators  for  mud  flush  holes — particularly  for  holes  drilled  with 
rotary  tools.  This  is  because  of  a  desire  to  reduce  the  delay  to  a 
minimum,  especially  in  a  rotary  hole,  as  the  wall  of  an  uncased  hole 
in  California  will  not  stand  long.  Also  in  a  tubing  job  either  the 
drill  pipe  must  be  laid  in  single  joints  as  it  is  pulled  out  and  the 
tubing  stood  up  or  else  casing  will  have  to  be  done  with  a  string  of 
tubing  as  well  as  a  string  of  drill  pipe  standing  in  the  derrick,  im- 
peding the  work  of  casing  the  hole. 


206  PETROLEUM  PRODUCTION  METHODS 

Gulf  Coast  Method' 

* 

An  effective  method  of  placing  concrete  for  a  bottom-hole 
job  is  the  use  of  cement  sacks.  The  concrete  must  be  mixed 
to  a  thick  consistency  and  the  sack  rolled  in  at  the  edge  to 
form  a  canvas  cylinder  of  such  size  that  it  will  slide  freely  in 
the  casing.  The  sacks  of  cement  are  pushed  to  the  bottom  and 
tamped  into  place  with  the  tools.  The  process  is  continued  until 
the  plug  is  brought  to  the  desired  point.  The  precautions  of  prop- 
erly cleaning  the  hole  before  work  is  commenced,  described  in  the 
section  on  California  practice,  should  be  taken.  If  reinforcement  is 
desired,  burned-wire  line  may  be  used  at  intervals  throughout  the 
plug. 

A  successful  plug  has  been  built  by  using  only  sacks  from  which 
cement  has  been  dumped  but  not  shaken,  thus  leaving  some  cement 
adhering  to  the  inside  of  the  sacks  and  retained  in  the  fiber  of  the 
fabric.  Six  or  eight  sacks  are  wadded  into  a  bundle  and  pushed 
down  the  casing  with  the  tools  and  finally  tamped  to  the  bottom 
with  a  string  of  free  casing.  The  plug  is  thus  built  up,  and  when 
complete  is  held  in  place  not  only  by  friction  but  also  by  the  weight 
of  the  casing  set  upon  it.  Only  a  few  such  jobs  have  been  reported, 
but  all  of  these  have  been  successful. 


Lineal  Feet  Filled  By  One  Sack  Cement  Alongside  of 

Oil  Well  Casings 

One  Sack  Equals  1.1  Cubic  Feet  Neat  Cement  When  Set 

Size  of  Casing  Diameter  of  Well  (Excess  Over  Casing  Diameter) 

Actual 
Nominal        Outside 

Diameter      Diameter                         1  in. —    2  ins. —     3  ins. —  4  ins. —  5  ins. —    6  ins.— 

Inches          Inches                             Feet          Feet          Feet  Feet  Feet  Feet 

454            4^ 19.2         8.8          5.4  ^7  2.8  2.8 

4^            5     18.3          8.4          5.2  3.6  2.7  2.1 

SM           6     15.5          7.1          4.4  3.2  2.4  1.9 

^Ya           6H 14.2         6.6          4.2  2.9  2.2  1.7 

6^/4            7     13.5          6.3          4.0  2.8  2.1  1.7 

7%           8     11.9         5.6         3.5  2.5  1.9  1.5 

8/2            8^ 11.2         5.2          3.3  2.4  1.8  1.4 

9^          10     9.7         4.6         2.9  2.1  1.6  1.3 

10             X^Ya 9.0          4.3          2.8  2.0  1.5  1.2 

11^          12     :  8.1          3.9          2.5  1.8  1.4  l.l 

12^          13     7.5          3.6          2.3  1.7  1.3  1.0 

13^           14     7.0          3.4          2.2  1.6  1.2  1.0 

15;^          16     6.1          3.0         1.9  1.4  1.1  0.9 
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Amount  of  Cement  Needed 

The  table  on  page  206  taken  from  annual  report  of  California 
State  Oil  and  Gas  Supervisor  gives  the  number  of  feet  along  the 
casing  that  will  be  filled  by  one  sack  of  cement. 

Example. — It  is  desired  to  set  the  10-inch  string  of  casing  at  a 
depth  of  1230  feet  so  that  the  cement  will  extend  back  to  the  1200- 
foot  depth.  It  is  estimated  that  the  average  diameter  of  the  hole  is 
16J4  inches.  From  the  table  one  sack  will  fill  1.2  feet  so  25  sacks 
will  be  required,  plus  an  allowance  for  cement  left  inside  the  casing 
and  below  the  casing. 

The  Use  of  Hydraulic  Lime  for  Shutting  Off  Water* 

Realizing  that  well  cementing  as  commonly  practiced  was  not 
always  effective,  Mr.  E.  A.  Starke,  chemist,  for  the  Standard  Oil 
Company  of  California,  applied  himself  to  the  problem  of  devising 
improvements.  Backed  by  the  liberal  financial  support  and  hearty 
co-operation  of  his  company,  Mr.  Starke  has  done  much  experi- 
mental work  in  the  laboratory  and  in  the  field  with  various  kinds 
of  cementing  materials.  If  results  of  this  work  were  published, 
they  would  form  a  valuable  contribution  to  the  literature  of  petrol- 
eum,  and  it  is  hoped  that  some  day  the  literature  may  be  enriched. 
The  material  in  this  section  is  used  by  the  courtesy  of  the  Standard 
Oil  Company,  which  furnished  the  data,  Mr.  Starke  making  many 
valuable  suggestions. 

As  outlined  previously,  the  problem  that  confronted  the  opera- 
tors was  how  to  make  a  water-tight  and  permanent  shut-off  in  the 
poorly  consolidated  shales  and  clays  overlying  the  oil  measures  in 
some  of  the  California  fields.  This  work  is  especially  difficult  when 
there  is  agitation  in  the  hole  by  seepage  of  gas  or  by  flowing  or 
migrating  water.  In  the  early  days,  in  shallow  territory  and  with 
otherwise  favorable  conditions,  water  could  be  shut  off  with  a  fair 
degree  of  satisfaction  by  landing  a  water  string,  as  has  been  seen. 
Cementing  was  introduced  and  greatly  increased  the  effectiveness 
of  easy  jobs  and  made  possible  others  that  had  been  formerly  im- 
possible. As  drilling  methods  progressed,  even  cement  was  not 
entirely  satisfactory  at  some  wells,  as  it  did  not  set.     At  first  the 
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suggestion  was  made  that  cement  would  not  set  in  contact  with  oil. 
Laboratory  tests  demonstrated  that  cement  will  not  only  set  in 
contact  with  oil  but  when  mixed  with  a  considerable  quantity  of 
oil  along  with  the  water. 

If  water  shut-off  is  to  be  made  in  a  well  which  has  not  entered 
the  oil  or  gas  sands,  and  if  there  is  only  one  string  of  casing  in  the 
hole,  so  that  pump  pressure  can  not  be  applied,  it  may  be  difficult, 
and  perhaps  impossible,  to  get  sufficient  high  pressure  with  mud  to 
plug  the  pores  of  a  gas  or  water  sand.  If  the  mud  is  excessively 
thick  the  cement  tends  to  break  through  it  and  "channel"  up  the 
pipe  instead  of  surrounding  it  with  a  solid  mass.  To  thin  the  mud 
may  cause  a  blow-out  of  gas  which  will  in  all  probability  freeze  the 
pipe. 

In  general,  there  are  three  avenues  of  approach  to  the  problem 
outlined,  as  follows: 

1.  To  get  a  cementing  material  that  will  set  under  agitation 
and  also  possess  the  other  requisites  of  moderate  cost,  ease  of  hand- 
ling, etc. 

2.  To  get  a  cementing  material  that  will  stop  agitation  so  that 
Portland  cement  will  set,  and  that  also  possesses  the  desirable 
commercial  and  mechanical  qualities. 

3.  To  get  a  cementing  material  that  possesses  qualifications  of 
both  the  first  and  second  class. 

The  Standard  Oil  Company  as  a  result  of  its  varied  experiments, 
is  using  hydraulic  lime  as  the  material  to  be  classed  under  the  sec- 
ond of  the  three  headings  mentioned — that  is,  for  retarding  or  elim- 
inating agitation  that  would  prevent  the  setting  of  Portland  cement. 

Hydraulic  lime  has  properties  drflfering  widely  from  those  of  an 
ordinary  hydrated  building  lime.  The  latter,  when  mixed  with 
water  to  form  putty,  will  remain  under  water  in  this  condition  in- 
definitely, whereas  hydraulic  lime  sets  firmly  under  water.  The 
setting  is  gradual,  and  although  a  pat  will  be  fairly  firm  after  stand- 
ing 24  hours  in  air  it  would  probably  require  18  to  24  days  to  set 
firmly  under  water.  This  test  may  be  made  in  an  ordinary  drinking 
glass,  and  perhaps  save  some  costly  mistakes.  Although  such  a 
test  is  a  guide,  the  author  has  not  sufficient  data  on  the  use  of  hy- 
draulic lime  to  state  that  every  lime  that  will  set  hard  in  water  is 
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fit  to  use  in  shutting  off  water  in  drilling  operations.  An  operator 
contemplating  the  use  of  hydraulic  lime  will  do  well  to  make  the 
test  mentioned  and  other  rough  tests,  such  as  the  thickening  effect 
when  dry  lime  is  mixed  with  the  drilling  mud.  All  test  mixtures 
should  be  allowed  to  set  under  water. 

Chemical  properties  of  hydraulic  lime. — The  following  table,  pre- 
sents analysis  of  different  brands  of  cement  and  of  hydraulic  lime. 
One  is  struck  with  the  similarity  of  their  constituents  and  the  di- 
versity of  their  proportions.  The  cements  represented  in  the  table 
are  typical  of  the  best  grades  of  Portland  cement  manufactured  es- 
pecially for  oil-well  purposes,  and  vary  from  each  other  in  chemical 
composition.  Of  course,  the  fineness  to  which  a  cement  is  ground 
has  much  to  do  with  the  time  required  for  its  setting,  a  feature  not 
shown  by  the  chemical  analysis.  The  analyses  of  hydraulic  lime 
show  wide  variation.  The  German  lime  although  somewhat  high 
in  silica  and  low  in  iron  oxide  and  alumina  for  use  as  Portland  ce- 
ment, would  seemingly  sinter  to  fair  grade  of  natural  cement. 
There  is  an  essential  difference  between  hydraulic  lime  and  cement. 
Cement  rock,  either  natural  or  proportioned  by  analysis,  is  sintered 
to  incipient  fusion  and  then  ground  very  fine  to  manufacture  ce- 
ment. Hydraulic  lime,  in  contrast,  is  burned  and  hydrated,  but 
never  sintered. 

Chemical  Analyses  of  Cement  and  Hydraulic  Lime 

Brand  of  Brand  or  source  of 

Portland  cement  hydraulic  lime§ 


/- 


lA. 


c        3  c  C/3  '-'  .St. 

«        2656  So       JH        ^!s 

«  "sS        cr        o2,         P         T!*  f  c         So 

o  05       «/3-'=       S.-s        ,V         J*s-  A  •*        ^  £ 

Ui  *    u       -M- o       •«- o        O         Pi^  O  S  o* 

Constituent  %%%%%%%%% 

Silicia    SiO,  20.89  19.38  22.36  25.87  19.51  15.04     18.10       1.00 

Ferric    Oxide    Fe,0^  3.37  5.31  2.51  8.13  12.40  72       5.02       1.30 

Alumina    ALO,  7.09  7.15  7.17 

Lime    CaO  63.47  63.70  62.39  55.44  39.20  51.12     40.68     97.00 

Magnesia    MgO  1.32  2.13  1.39  1.14  20.61  29.53     29.17          70 

Sulphuric  anhydride    SO,  1.19  1.48  1.45  1.44  1.65  Trace      2.05 

Iffuition    loss 1.54  1.04  2.09  1.96  .46  3.54       4.56 

Manganese   oxide    MnO  .42 

Carbon    dioxide   and    volume.  6.02  6.17 

Specific  gravity 3.12  3.20  3.12 

*  Pacific  Portland  Cement  Co.,  San  Francisco,  Cal.     Analysis  made  by  the  company. 
tSanta  Cruz  Portland  Cement  Co.,  San  Francisco,  Cal.     Analysis  made  by  the  company. 
tCowell  Portland  Cement  Co.,  San  Francisco,  Cal.     Analysis  made  by  the  company. 
lAnalysis  furnished  by   Dr.  £.   A.   Starke,  San  Francisco,  Cal. 
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Interesting  and  instructive  as  the  chemical  analyses  are,  they 
do  not  alone  furnish  the  knowledge  of  physical  properties  that  is 
so  important.  The  calcium  and  magnesium  in  hydraulic  lime  are 
in  the  hydrated  form — Ca(OH)i  and  Mg(OH)» — ^but  contain  no 
water  of  crystallization.  The  name  "hydraulic"  comes  from  the 
property  of  setting  under  water.  Without  this  property  a  lime 
cannot  properly  be  classed  as  a  hydraulic  lime.  The  hydraulic  lime 
used  by  the  Standard  Oil  Company  is  manufactured  by  the  Pacific 
Lime  &  Plaster  Company  of  San  Francisco.  It  is  not  a  natural 
lime,  but  is  proportioned  and  mixed  by  analysis.  Such  a  lime  has 
a  marked  advantage  over  a  natural  hydraulic  lime  in  that  its  com- 
ponents may  be  varied  at  will  to  give  it  special  qualities  for  cer- 
tain kinds  of  work,  as  is  possible  with  Portland  cement. 

When  hydraulic  lime  comes  into  contact  with  finely  divided 
silica  and  aluminum  silicates  of  the  shales  and  clays,  it  Combines 
to  form  complex  gelatinous  silicates  the  exact  chemical  formula  of 
which  is  not  known.  This  jelly-like  mass  not  only  swells  percep- 
tibly in  setting  but  adheres  tenaciously  to  the  walls  of  the  hole. 
Any  carbon  dioxide  in  the  gas  of  a  well  will  react  with  the  calcium 
oxide  of  the  lime  to  form  chalk,  the  reaction  causing  a  further 
swelling  of  the  mass.  When  such  action  takes  place  between  the 
grains  of  a  sand  the  result  is  to  cement  the  sand  into  a  compact 
mass  surrounding  the  hole.  The  lateral  thickness  of  such  a  mass 
is,  of  course,  dependent  on  the  depth  of  penetration  of  the  lime 
solution  into  the  formation.  It  is  frankly  admitted  that  a  neat 
hydraulic  lime  has  a  tensile  and  compressive  strength  sufficient  to 
stop  the  flow  of  water  or  gas  from  agitating  the  Portland  cement 
that  is  placed  between  the  lime-plastered  wall  of  the  hole  and  the 
casing  to  be  cemented. 

Milk  of  lime  (finely  divided  hydrated  lime  that  has  been  steam 
slacked)  will  in  some  wells  combine  with  the  silicates  and  alumi- 
nates  of  the  formation  to  form  gelatinous  silicates,  and  will  prove 
as  satisfactory  as  hydraulic  lime.  This  reaction  depends  upon  the 
favorable  chemical  and  physical  properties  of  the  formation  and 
therefore  cannot  be  universally  relied  upon.  If  hydraulic  lime  con- 
taining finely  divided  silica  and  iron  aluminum  oxide  is  used,  its 
essentials  are  self-contained  and  hence  it  has  a  far  better  chance 
to  do  its  work  under  unfavorable  conditions  than  the  milk  of  lime 
and  is  therefore  preferable. 
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Hydraulic  lime  is  mixed  separately  with  water  and  pumped 
into  the  well  ahead  of  the  cement.  When  the  two-plug  or  Perkins 
system  of  cementing  is  used,  the  lime  solution  is  pumped  into  the 
casing  on  top  of  the  column  of  mud  and  ahead  of  the  first  plug; 
thus  the  cement  follows  immediately  behind  the  lime  solution  in 
its  course  down  the  inside  and  up  the  outside  of  the  casing.  The 
main  advantage  claimed  for  the  use  of  hydraulic  lime  is  that  when 
a  solution  of  mud,  as  ordinarily  used  in  drilling,  is  mixed  with  a 
solution  of  hydraulic  lime  a  muddy  sort  of  plaster  is  formed  which 
so  coats  the  formation  as  to  greatly  reduce  and  often  prevent  agita- 
tion from  gas  or  moving  water.  This  action  takes  place  when 
the  hydraulic  lime  passes  out  of  the  casing  and  mingles  with  the 
mud  in  the  bottom  of  the  well.  The  writer  suggests  further  that 
this  mixture  of  lime  and  mud  will  make  a  firmer  bond  with  the 
formation  than  neat  Portland  cement,  and  that  the  Portland  cement 
wll  in  turn  adhere  more  firmly  to  the  mud  and  lime  plaster  than 
it  will  to  the  ordinary  mud-smeared  side  of  a  hole. 

Special  uses  of  hydraulic  lime. — If  mud  flush  is  circulated  con- 
tinuously as  drilling  progresses,  the  mud  usually  fills  the  pores 
of  porous  sands  or  gravels.  Occasionally  the  mud  runs  away  into 
i-uch  sands  or  gravels  instead  of  returning  to  the  surface.  Circula- 
tion is  immediately  lost.  Nearly  every  driller  has  either  had  such 
an  experience  at  one  time  or  another  or  knows  where  it  has  oc- 
curred, and  realizes  the  difficulty  of  re-establishing  circulation. 
Teams  are  often  kept  busy  for  days  hauling  mud  and  manure,  saw- 
dust, etc.,  to  be  mixed  with  the  mud  in  an  effort  to  clog  the  pas- 
sages. The  Standard  Oil  Company  handled  an  obstinate  hole  of 
this  kind  in  the  Antelope  Hills  by  mixing  .hydraulic  lime  and 
manure  with  the  mud  in  the  box.  This  mixture  filled  the  channels 
in  the  sand  and  circulation  was  restored.  Though  the  lime  may 
have  cost  money,  whereas  the  other  materials  were  free,  the  dif- 
ference was  more  than  offset  by  the  differnce  in  hauling  and  labor 
charges,  to  say  nothing  of  the  risk  of  allowing  the  hole  to  cave. 
This  risk  increases  greatly  the  longer  the  time  before  circulation 
is  restored.  For  work  of  this  kind  the  dry  lime  may  be  shoveled 
into  the  liquid  mud  and  mixed  with  shovels  or  hoes,  and  by  circu- 
lating it  through  mud  pumps.  The  lime  need  not  be  mixed  with 
water  and  then  poured  into  the  mud. 

There  is  still  opportunity  for  investigation  and  improvement  in 
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this  phase  of  exclusion  of  water  from  oil  and  gas  wells.  If  hy- 
draulic lime  or  some  other  substance  that  will  set  hard  after  being 
mixed  thin,  is  forced  into  each  water  sand  when  encountered,  thus 
changing  the  sand  to  a  hard  lens  of  impervious  and  permanent 
sandstone  surrounding  the  casing,  much  expense  may  be  saved  in 
drilling  operations.  It  might  be  possible  with  such  a  system  to 
drill  wells  with  cable  tools  and  use  only  one  string  of  pipe,  whereas 
under  present  practice  one  or  two  additional  strings  are  used  as 
conductor  pipes  and  water  strings.  The  saving  thus  effected  would 
be  great,  provided  the  cost  of  sealing  the  sands  could  be  kept 
moderate. 

If  such  a  process  were  developed,  it  could  be  applied  to  inter- 
mediate water,  permitting  simultaneous  production  from  the  oil 
sands  above  and  below  the  water  with  the  use  of  only  one  string 
of  surface  casing  or  an  oil  string  in  territory  where  the  oil  sands 
did  not  stand  up  well  enough  to  make  an  open  hole  possible.  To 
handle  intermediate  water  by  such  a  method  would,  of  course, 
require  a  packer  of  some  kind  set  below  the  upper  producing  sand 
and  above  the  intermediate  water  sand.  The  packer  would  prevent 
the  lithifying  solution  from  entering  the  upper  oil  measures,  and 
thus  perhaps  seriously  affecting  production. 

It  is  the  writer's  hope  that  the  foregoing  discussion  may  not 
only  acquaint  operators  wnth  what  has  so  far  been  done  in  the  u«^e 
of  hydraulic  lime,  but  may  induce  them  to  conduct  further  investi- 
gations bearing  on  the  subject  and  to  make  their  results  known, 
whether  successful  or  not.  A  knowledge  of  the  limitations  of  a 
process  is  just  as  essential  as  an  understanding  of  its  scope. 

Packers* 

When  water  troubles  have  been  narrow^ed  down  to  one  or  a 
few  wells,  bridging,  packer,  or  other  tests  may  become  necessary 
to  definitely  determine  the  source  of  the  water,  and  to  indicate  the 
proper  means  for  excluding  it. 

The  rubber  wall  packer  is  considered  a  suitable  testing  device, 
though  packers  may  also  be  used  with  hemp  or  other  fiber  as  a 
packing  material,  either  woven  or  loose,  when  set  inside  a  string 
of  casing. 

Various  kinds  of  "formation"  packers    (rubber,  lead,  or  other 
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material  used  to  make  a  tight  fit  between  the  casing  and  the  wall 
of  the  hole)  are  used  in  the  Mid-Continent  and  Eastern  fields  for 
shutting  off  water.  Generally  the  packing  material  is  rubber.  It 
is  well  known  that  rubber  is  soluble  in  petroleum  and  many  of  its 
fractions,  and  will  harden  under  water  or  in  the  air,  thus  losing  the 
elastic  property  that  makes  it  valuable  as  a  packer.  Therefore  its 
use  as  a  permanent  packing  material  for  oil  or  gas  wells  cannot  be 
considered.  Experience  has  shown  that  gas  wells  frequently  will 
blow  out  large  chunks  of  the  rubber  packers  set  in  them  to  shut 
off  water.  The  only  safe  use  of  the  formation  packer  in  oil  and 
gas  wells,  for  any  more  than  a  temporary  shut-off,  is  when  a  large 
quantity  of  hemp  or  fiber  is  used,  and  in  addition  mud  fluid  is  circu- 
lated and  allowed  to  remain  back  of  the  casing  and  above  the 
packer.  Thus,  if  the  packer  ever  fails,  the  mud  will  rush  into  the 
well,  making  the  source  of  the  trouble  evident,  requiring  immediate 
repair  or  plugging.  Even  this  use  is  permissible  only  where  no 
other  means  are  available  to  accomplish  the  desired  end. 

The  packers  used  in  California  practice  are  usually  placed  either 
on  tubing  or  on  small  sizes  of  casing  in  order  to  restrict  the 
diameter  of  the  well  to  promote  flowing.  Packers  are  also  set  on 
casing  below  a  leak  in  the  water  string,  thus  preventing  the  water 
from  entering  the  productive  part  of  the  hole.  A  wall  packer,  in 
the  sense  that  it  is  set  in  the  wall  of  the  hole  and  not  inside  another 
string  of  casing,  is  almost  never  used  in  the  poorly  consolidated 
shale  sand  clays  constituting  the  formation  overlying  the  oil  zones 
in  these  fields. 

An  exception  is  the  packer  built  by  Mr.  C.  W.  Stone,  of  Mari- 
copa, Cal.,  for  a  special  job  in  the  Sunset  field,  where  a  flowing 
water  sand  had  to  be  cased  off  in  order  to  utilize  the  oil  measures 
below.  Several  attempts  made  with  the  usual  cementing  and  mud- 
ding  methods  gave  only  temporary  success.  A  packer  that  proved 
successful  was.  made  around  the  shoe  joint  with  old  bull  rope  and 
bail  wire.  To  make  the  packer,  the  shoe  joint  was  placed  with 
the  upper  end  down  on  the  derrick  floor.  A  board  at  the  roof 
made  a  convenient  place  from  which  to  work.  Hemp  bull  ropes 
were  cut  in  35-foot  lengths  and  untwisted.  The  strands  were 
doubled  and  the  loop  ends  tightly  wired  to  the  pipe  immediately 
under  the  shoe  until  the  compressed  hemp  mat  was  flush  with  the 
outer  edge  of  the  shoe  and  extended  entirely  around  the  pipe.    The 
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loose  hemp  was  tied  every  two  or  three  feet  with  a  strand  of  soft 
rope.  The  packer  was  then  complete,  and,  after  being  turned 
right  end  up,  was  placed  at  the  bottom  joint  on  the  string  of  casing. 
Of  course,  such  a  packer  might  be  placed  anywhere  in  the  string 
so  as  to  set  wherever  most  desirable.  As  the  packer  entered  the 
hole  each  soft  rope  string  was  cut,  thus  leaving  the  long  strands  of 
hemp  free  to  spread  out  at  any  enlargement  of  the  hole.  When 
the  pipe  was  set  any  movement  of  the  water  past  the  packer  drew 
the  loose  hemp  into  the  passage  and  automatically  clogged  it.  Mud 
settling  on  top  ot  the  packer  also  assisted  in  its  effectiveness.  This 
type  of  packer  has  three  great  advantages,  as  follows:  Effective- 
ness ;  nominal  cost  (old  bull  rope  and  bail  wire)  ;  does  not  occasion 
material  difficulty  if  the  casing  is  to  be  pulled. 

Bottom  water  packers. — When  a  water  sand  has  been  penetrated 
at  the  bottom  of  the  well  below  the  productive  formation  and  sepa- 
rated from  it  by  a  parting,  it  is  not  always  easy  to  plug  off  the 
water  so  tightly  that  when  the  fluid  is  all  pumped  from  the  hole  the 
plug  will  have  sufficient  strength  to  hold  back  the  water.  A  rein- 
forced concrete  plug  has  proved  effective  in  many  such  wells.  The 
reinforcement  consists  of  old  wire  drilling  cable  cut  into  10-foot 
or  12-foot  lengths.  These  are  burned  sufficiently  to  draw  the 
temper.  Each  piece  is  doubled  on  itself  and  fastened  with  bail 
wire  to  others  treated  and  bent  in  the  same  way.  All  the  free  ends 
of  the  cable  are  laid  the  same  way  in  the  bundle,  which  is  of  such 
size  that  it  will  slide  freely  down  through  the  casing.  These  bundles 
are  dropped  into  the  casing  with  the  bent  ends  down  and  the  cut 
ends  up,  so  that  the  package  will  not  catch  in  the  pipe  and  hang, 
for  if  such  a  Wad  of  annealed  wire  ever  bridges  in  the  casing  it 
would  cause  much  trouble.  As  an  extra  precaution  against  such 
an  occurrence,  tin  cans  may  be  used  over  the  lower  end  of  the 
bundle.  The  cans  must  of  course  be  wired  on  tightly.  The  hole  is 
thoroughly  cleaned  out  before  the  first  bundle  of  wire  line  is  put  in. 
Each  bundle  is  tamped  firmly  into  place  with  the  tools,  a  flat- 
bottom  bit  being  used.  This  process  is  repeated  until  a  firm  foun- 
dation has  been  built  and  the  soft  wire  mass  wadded  thoroughly 
into  the  irregularities  of  the  hole.  On  top  of  this  mass  a  canister 
containing  wet  concrete  is  then  lowered,  being  attached  to  the  tools 
with  wire,  and  is  broken  up  with  the  tools  and  pounded  down  on 
top  of  the  wire  line.    The  canister  is  made  of  light  galvanized  iron 
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four  or  five  feet  long  and  of  any  convenient  diameter  to  suit  the 
size  of  the  hole.  These  canisters  should  have  soldered  joints  and 
pointed  bottoms  to  obviate  any  danger  of  catching  on  the  sides  of 
the  casing. 

Concrete  ofl  about  the  same  consistency  as  for  surface  work  is 
mixed  in  a  box  on  the  derrick  floor  and  poured  into  a  canister. 
Several  canisters  may  be  placed  before  more  wire  line  is  put  in. 
The  plug  is  thus  built  up  of  alternating  layers  of  concrete  and 
wire  line  pounded  together  until  the  hole  is  filled  to  the  desired 
point.  The  plug  is  then  allowed  to  set  quietly  with  the  hole  full 
of  fluid  for  ten  days  or  two  weeks.  This  method  usually  gives  a 
substantial  plug,  but  should  not  be  used  if  there  is  much  likelihood 
of  deepening  the  well,  as  it  makes  a  plug  that  is .  difficult  to 
drill  out. 

Nearly  all  oil  or  gas  wells  diminish  in  diameter  with  depth, 
hence  in  plugging  off  bottom  water,  any  bailer  or  other  container 
used  must  generally  be  of  small  diameter.  This  necessitates  more 
runs  to  cement  a  deep  hole  and  is  objectionable,  owing  to  the 
greater  amount  of  time  required  to  run  the  bailer  or  container  to 
bottom  and  pull  it  out  for  another  trip.  For  example,  in  a  3500-foot 
hole  4J4  inches  in  diameter,  it  is  a  tedious  task  to  dump  35  to  40 
sacks  of  cement,  and  very  likely  the  first  part  will  take  its  initial 
set  before  the  last  batch  can  be  dumped.  To  avoid  this  difficulty 
a  string  of  tubing  may  be  run  in  and  hung  a  few  feet  off  bottom 
with  both  the  hole  and  the  tubing  full  of  water.  The  entire  amount 
of  cement  to  be  used  can  then  be  mixed  in  one  batch  and  poured  by 
a  swing  connection  from  the  mixing  box  into  the  top  of  the  tubing. 
Water  can  then  be  immediately  run  into  the  tubing  on  top  of  the 
cement.  By  its  own  weight  the  cement  will  gravitate  quickly  to 
the  bottom  of  the  hole  and  set  there  in  a  solid  mass.  This  system 
is,  of  course,  one  variation  of  the  tubing  method  as  applied  to 
bottom  hole  work  without  the  use  of  pumps. 

If  the  bottom  water  has  sufficient  head  to  make  it  flow,  it  is 
likely  to  wash  the  cement  away  before  it  can  set,  thus  leaving  a 
water  channel  through  the  plug  which  will  wash  larger  and  allow 
more  and  more  water  to  pass  as  time  goes  on. 

A  most  ingenious  and  highly  successful  scheme  for  handling 
such  conditions  was  used  by  Mr.  C.  W.  Stone  of  Maricopa,  Cal. 
He  collected  a  quantity  of  old  hemp  rope,  unraveled  it,  and  chop- 
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ped  the  strands  into  pieces  about  four  inches  long.  These  were 
wadded  into  tin  containers  of  4-inch  stove  pipe  joints  about  three 
feet  long.  Each  joint  was  battered  in  at  one  end  to  prevent  the 
escape  of  the  hemp.  Of  course,  different  conditions  will  require 
more  or  less  hemp  or  burned  wire  line,  but  in  this  particular  in- 
stance 12  tins  of  chopped  hemp  were  put  on  bottom,  care  being 
taken  not  to  break  the  tins.  If  the  tins  are  broken  at  this  stage  of 
the  work,  the  whole  plan  is  defeated,  as  the  hemp  will  be  washed 
away  by  the  flowing  water.  Four  bundles  of  burned  wire  line  four 
feet  long  were  then  run  in  on  top  of  the  tins,  each  bundle  being 
pushed  firmly  to  bottom  with  the  tools.  When  the  fourth  bundle 
had  been  placed,  the  tools  were  hitched  to  the  beam,  and  tamping 
commenced.  A  flat-bottom  bit  was  used,  and  the  tamping  was 
continued  until  the  wire  had  been  firmly  driven  down  on  top  of  the 
hemp.  This  tamping  broke  the  tin  containers,  liberating  the  chop- 
ped hemp  which  rose  with  the  water  current  and  lodged  in  the  mat 
of  wire  line  above.  Under  such  conditions  the  hemp  would  nat- 
urally be  carried  by  the  water  first  into  the  more  open  channels, 
and  later  into  the  more  restricted  water  courses,  and  so  on  until  all 
flow  stopped.  More  hemp  and  more  wire  line  might  have  to  be 
used  in  some  jobs  than  in  the  one  described.  In  this  instance  sev- 
eral layers  were  used  until  finally  the  flow  of  water  diminished, 
getting  less  and  less  at  each  stroke  of  the  tools  until  it  ceased 
flowing  altogether.  A  concrete  cap  was  then  placed  on  top  of  the 
plug  and  built  up  to  the  desired  level.  Generally  these  layers  are 
made  five  to  ten  feet  thick.  Mr.  Stone  has  tested  these  plugs  by 
permitting  them  to  stand  42  hours  after  the  water  level  has  been 
lowered  2000  feet  in  the  hole  and  found  them  satisfactory. 

When  feasible  it  is  good  practice  to  drill  clear  through  a  bottom 
water  sand  and  five  or  ten  feet  into  the  shale  below,  clean  the  hole 
thoroughly,  and  build  the  plug  from  the  bottom  of  the  hole  up 
through  the  water  sand  and  well  up  into  the  formation  above.  The 
plug  then  takes  a  position  like  the  core  of  a  stopcock  and  is  sub- 
jected to  lateral  pressure  from  all  sides  but  not  to  the  heaving 
thrust  exerted  on  a  plug  extending  only  a  little  way  into  the  water 
sand,  where  reliance  is  placed  entirely  in  the  hold  the  plug  may 
have  in  the  overlying  formation. 

To  indicate  what  the  heaving  tendency  of  a  flowing  water  sand 
may  be  on  a  plug  that  does  not  extend  into  and  form  a  tight  seal 
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with  the  formation  below  the  sand,  assume  that  the  bottom  water 
rises  to  the  ground  surface  in  a  20(K)-foot  hole.  When  all  fluid  is 
removed  from  the  hole,  the  plug  will  be  under  a  heaving  pressure 
equal  to  the  static  pressure  of  a  8000-foot  column  of  water.  This 
pressure  is  equal  to  870  pounds  per  square  inch,  or  a  heaving  pres- 
sure of  about  22  tons  on  a  plug  in  an  8-inch  hole. 


"Bootleg  Packer"  System 

Speaking  of  methods  of  shutting  off- water  in  the  Gulf  Coast 
fields  Mr.  F.  Bi Tough  (U.  S.  Bureau  of  Mines  Bull  No.  163)  says: 

"Although  effort  is  made  to  set  the  water  string  in  a  suitable  stratum 
between  the  lowest  upper  water  and  the  firit  oil  sand,  this  is  not  always  , 
accomplished;  and  as  6-inch  pipe  is  customarily  used  for  water  string  in 
2000-foot  or  2S00-foot  territory,  such  failure  becomes  serious.  It  would 
probably  be  difficult,  if  not  impossible,  in  many  wells  to  loosen  such  a 
string  of  casing  even  were  it  handled  without  cementing,  and  to  set  or 
cement  the  string  of  4l^-inch  casing  would  permit  nothing  larger  than 
3-inch  pipe  in  the  sands,  thus  restricting  the  size  of  the  hole  to  an  incon- 
veniently small  diameter.  To  obviate  such  a  condition  the  'bootleg'  has 
been  devised  and  is  often  used  but  is  not  recommended. 

■'The  'bootleg'  (Fig.  71)  is  made  of  canvas 
or  leather  riveted  or  screwed  into  the  shape  of 
an  upturned  truncated  cone  with  the  smaller 
end  the  same  size  as  the  exterior  of  the  string 
of  pipe  on  which  it  is  to  rest.  The  upper  end  is 
larger,  so  as  to  rest  against  the  wal!  of  the 
hole,  but  must,  of  course,  be  small  enough  to 
collapse  and  pass  through  the  next  larger  pipe 
shown  as  of  6-inch  diameter  in  the  figure. 
The  bottom  of  the  'bootleg'  is  fastened  with 
wire  wrapping  to  the  4^-inch  casing  just 
above  a  coupling  and  is  placed  at  such  point 
on  the  string  that  it  will  set  in  a  stratum  Qf 
gumbo  when  the  pipe  rests  on  the  bottom. 
The  gumbo  must,  of  course,  be  below  the 
water  sand,  and  ideal  conditions  require  a  bed 
of  shale  above  the  gumbo  to  furnish  the  re- 
quisite cavings. 

"The  shale  cuttings  and  mud  are  expected 
to  settle  around  the  'bootleg'  from  above  and 
make  a  tight  joint  between  the  casing  and  the 
gumbo.  The  action  is  similar  to  starting  a 
bridge  in  a  hole  by  using  a  forked  stick.  M*fd/i7«n«f  ?r  l^rt.'r. 
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Neither  the  bootleg  nor  the  forked  stick  hold  any  considerable  weight; 
merely  enough  to  arrest  the  settling  of  debris  until  the  latter  commences 
to  bridge.  Sometimes  in  order  to  save  casing  the  inner  string,  shown  as  of 
4V^-inch  diameter  in  the  figure,  is  fitted  with  a  packer  to  set  in  the  bottom 
joint  of  the  6-inch  pipe.  The  upper  part  of  the  45^-inch  string  is  then 
backed  off  at  a  left-hand  nipple  above  the  packer  and  pulled  out. 

"Of  course,  a  'bootleg*  job  should  be  tested  as  far  as  possible,  but  a 
thoroughly  satisfactory  test  is  not  possible.  If  the  well  is  pumped  and 
brought  in  as  a  clean  producer,  then  the  'bootleg*  has  probably  been  suc- 
cessful; but  if  some  water  comes  with  the  oil,  there  is  always  a  doubt  as  to 
whether  the  'bootleg'  is  leaking  or  whether  the  water  is  encroaching  on  the 
oil  sands,  or  whether  it  is  working  around  45/2  to  -inch  packer,  and  the 
very  nature  of  the  device  precludes  testing  its  effectiveness  before  drilling 
into  the  oil-bearing  strata.  No  matter  which  way  the  water  gains  access 
to  the  well,  the  string  with  the  'bootleg'  on  it  must  be  pulled  out.  Then 
either  another  bootleg  must  be  tried  or  the  45^-inch  string  must  be  set  as 
a  water  string,  which  is  by  far  the  preferable  method. 

"When  water  has  not  been  properly  shut  off  it  sometimes  shows 
immediately,  but  even  then  the  well  is  usually  pumped  for  a  while  with 
the  hope  that  the  cuttings  will  settle  around  the  'bootleg'  and  make  a  suc- 
cessful job.  On  the  other  hand,  if  the  well  has  sufficient  gas  pressure  to 
hold  back  the  inflow  of  water  temporarily,  several  days  or  weeks  may 
elapse  before  the  gas  pressure  is  dissipated  sufficiently  to  permit  the 
ingress  of  water.  The  water  will  then  probably  make  its  appearance  in 
the  form  of  an  emulsion.  At  this  stage  of  the  well's  life,  water  on  the 
sands  is  more  serious  than  before  the  gas  pressure  is  dissipated,  because 
the  sands  will  take  more  water  and  will  not  have  the  expelling  force  of 
the  gas  to  remove  it  when  the  repair  work  has  been  completed. 

"To  pull  the  4^-inch  string  may  or  may  not  be  possible  'according  to 
the  amount  of  friction  on  the  string  and  other  factors.  Even  if  the  4j4-inch 
string  is  loosened,  it  cannot  be  removed  without  letting  the  mud  from 
behind  it  into  the  oil  sands,  which  are,  as  stated,  in  a  most  receptive  condi- 
tion and  will  probably  never  relinquish  all  of  the  mud  and  water  thus 
admitted.  Such  results  will  not  always  follow  the  use  of  a  'bootleg.'  There 
are  doubtless  walls  in  which  water  is  shut  off  with  such  a  device  now  pro- 
ducing in  the  Gulf  Coast  fields  after  a  long  period  of  activity,  never  having 
shown  any  serious  volume  of  water.  Nevertheless  when  a  company  at- 
tempts to  use  a  'bootleg'  it  takes  a  chance  of  spoiling  valuable  property  and 
diminishing  the  gross  oil  recovered  from  it,  merely  to  make  a  small  saving 
in  first  cost." 

The  writer  has  had  considerable  experience  with  bootleg  packers 
and  does  not  share  Mr.  Tough's  pessimistic  views  concerning  their 
use.  Used  in  the  Coastal  fields,  where  almost  all  formations  tend 
to  be  soft  and  cavey,  the  bootleg  packer  shuts  off  water  almost  in- 
variably if  properly  applied. 
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Shutting  Off  Water  by  the  Tamping  Method* 

To  those  familiar  with  the  oil  business  it  is  unnecessary  to  state 
that  the  cementing  process,  with  its  several  mechanical  variations, 
holds  the  center  of  the  stage  in  California.  The  mud-laden  fluid 
method  is  being  tried  out  with  apparent  success  in  the  Oklahoma 
fields,  and  will  no  doubt  play  an  important  part  in  the  economics 
of  the  petroleum  and  gas  industry. 

I  have  recently  noticed  several  failures  with  cement  which  illus- 
trate the  necessity  of  caution.  A  10-inch  string  was  cemented  but 
did  not  set.  An  8^-inch  string  was  also  run  in  and  cemented,  and 
another  failure  was  the  result.  The  maangement  grew  suspicious 
and  experimented  with  samples  of  the  cement  at  the  surface,  using 
water  from  the  hole  and  also  from  their  water  well  in  the  tests. 
None  of  the  samples  set.  The  tests  would  have  been  more  com- 
plete had  they  included  samples  mixed  with  distilled  or  other  suit- 
able water  so  that  the  blame  could  be  fixed  on  either  the  dissolved 
salts  in  the  water  or  on  the  cement  itself.  Of  course  it  was  unfor- 
tunate that  the  tests  were  not  made  before  the  cementing  operations 
began,  and  the  moral  is  apparent.  Citing  another  case  of  failure, 
a  10-inch  string  was  cemented  in  a  rotary  drilled  hole  with  21  tons 
of  cement,  after  which  water  was  found  coming  in  around  the  shoe. 
It  is  believed  that  the  rotary  mud  was  not  thoroughly  washed  from 
the  hole  before  the  cement  was  introduced  and  that  the  cement  did 
not  make  a  suitable  bond  with  the  walls  at  all  points  of  the  circum- 
ference of  the  hole.  This  probably  allowed  the  water  under  pres- 
sure to  form  channels  around  the  outside  of  the  mass  of  hard  ce- 
ment. It  might  be  argued  that  the  mud-laden  fluid  back  of  the 
cement  should  hold  the  water.  It  would  be  quite  likely  to  do  this 
if  a  suitable  shoe  had  been  driven  into  a  tapered  hole.  Another 
point  to  consider  is  the  condition  of  the  contact  of  the  cement  and 
mud,  as  dilution  of  the  cement  with  mud  may  form  a  zone  of 
weakness.  In  the  case  mentioned  the  mud  probably  had  not  packed 
around  the  casing  for  any  distance,  and  the  resistance  to  water 
could  not  be  as  great  as  in*  the  regular  use  of  the  mud-laden  method. 
The  reason  for  using  such  a  large  quantity  of  cement  was  that  it 
was  known  that  the  rotary  had  made  an  exceptionally  large  hole, 
which  was  shown  by  the  drill-pipe  being  bent  considerably. 

There  are  some  who  believe  that  the  old-fashioned  formation 


»H.  W.  Bell,  in  Western  Engineeringr  Vol.  8,  March,  1917,  pp.  88-90. 
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shut-off  is  better  than  the  ordinary  cementing  practice.  When  a 
long,  suitable  shoe  is  driven  into  a  sticky  clay,  and  judgment  is 
used,  the  chances  for  success  are  excellent.  Ordinarily  the  bottom 
of  the  hole  is  not  tapered  when  using  cement.  Why  not  combine 
the  two  methods  and  drive  the  casing  into  a  tapered  hole  after,  or 
simultaneously  with,  the  introduction  of  cement  on  the  outside? 
There  are  then  two  chances  of  success,  and  the  cement  would  at 
least  protect  some  of  the  casing  from  corrosion.  The  fact  that 
cement  will  not  harden,  when  kept  agitated  by  the  action  of  gas  or 
water,  is  the  cause  of  a  large  proportion  of  the  failures. 

The  principal  object  of  this  communication  is  to  obtain  informa- 
tion, if  possible,  concerning  facts  or  opinions  on  another  method  of 
handling  the  water  problem  in  the  oil  fields.  I  have  never  seen  any 
data  in  print  regarding  the  process,  and  I  find  that  few  oil  men  are 
familiar  with  it.  .As  I  understand  that  it  was  invented  nearly 
twenty  years  ago  and  used  successfully  for  a  time,  I  am  interested 
in  learning  the  reason  for  its  disappearance,  particularly  because  I 
have  recently  seen  the  principle  successfully  and  easily  applied. 
The  process,  called  tamping,  is  said  to  have  been  first  used  in  the 
Fullerton  field  by  William  Plotts.  H.  G.  Anderson  of  Coalinga, 
an  oil  man  of  long  experience,  has  used  it  successfully  and  believes 
it  to  be  an  excellent  and  perhaps  the  best  method  of  excluding- 
water,  especially  bottom  water.  He  knows  of  no  reason  for  dis- 
carding it  except  that  the  inconvenience  of  "spudding"  the  pipe 
puts  it  in  disfavor  with  most  of  the  drillers  and  therefore  it  was 
not  given  ^  fair  chance. 

In  the  tamping  method,  either  oil  sand  or  a  mixture  of  sand  and 
resin  is  used.  A  mixture  of  one  part  resin  to  seven  parts  sand  has 
been  found  good.  The  underground  temperature  is  usually  high 
enough  to  soften  the  fine  particles  of  resin  readily  and  they  then 
form  a  somewhat  plastic  combination  with  the  sand.  The  action 
of  "spudding"  a  string  of  casing,  as  this  mixture  is  fed  between  the 
two  casings,  makes  a  tough  water-resisting  filling  material  which 
seems  to  bond  well  with  the  walls  whether  mud  is  present  or  not. 
The  tamping  force  of  a  heavy  string  of  casing  causes  an  adjustment 
of  all  the  material  in  the  hole  with  the  effect  of  excluding  the  water. 
Proper  depth  of  tamping  must  be  considered  and  the  material  must 
be  fed  slowly.  It  is  said  that,  when  necessary  to  remove  casing 
after  it  has  been  tamped,  it  can  be  accomplished  with  but  little  dam- 
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age  to  any  formation  that  must  be  preserved  intact  around  the  hole. 
If  a  large  proportion  of  resin  is  used,  it  will  probably  be  necessary 
to  use  iron  scraps  or  other  hard  substances  to  facilitate  the  re- 
drilling. 

It  seems  that  the  process  was  originally  used  as  a  sort  of  sec- 
ondary method  or  one  of  last  resort.  It  was  probably  applied  after 
a  formation  shut-off  had  failed,  or  after  casing  had  been  perforated 
by  corrosion,  or  for  shutting  off  bottm  water.  In  a  recent  case  the 
10-inch  casing  was  cemented  and  found  satisfactory.  Several 
months  later,  when  the  well  was  producing,  water  broke  in  around 
the  shoe.  The  oil  string  was  8j4-inch,  so  6j4-inch  casing  was  in- 
serted and  tamped  off  by  spudding  the  8J^-inch  string  to  a  point 
above  the  10-inch  shoe.  It  appears  that  this  method  might  be 
used  at  the  start  if  its  advantages  were  decided  enough  to  offset  a 
decrease  in  the  size  of  the  casing.  It  also  appears,  however,  that  it 
may  be  found  possible  to  use  but  one  string  in  a  well.  If  a  rotary 
well  is  drilled  to  accommodate,  say,  10-inch  casing,  this  string 
could  be  put  in,  then  8^-inch  casing  inserted  and  tamped  off.  The 
10-inch  casing  could  be  withdrawn  and  the  8J4-inch  casing  would 
commonly  be  left  as  the  water  string.  If  conditions  were  favorable 
for  drilling  into  the  water  sand  with  the  rotary  it  seems  possible 
that  but  one  string  would  have  to  be  used.  The  tamping  can  be 
carried  to  a  point  as  high  as  desirable  so  that  all  of  the  important 
strata  could  be  sealed,  and  the  tamping  could  be  broken  at  any 
points  to  allow  production  from  any  zone.  If  one  string  was  used 
and  it  was  desired  to  produce  from,  or  leave  the  well  in  readiness 
to  produce  from  several  sands,  the  mechanical  details  could,  no 
doubt,  be  arranged  satisfactorily.  If  it  were  deemed  necessary, 
"stops"  to  break  the  tamping  could  be  placed  above  the  oil  sands, 
although  this  has  been  found  unnecessary  when  the  hole  is  not  too 
much  larger  than  the  tamping  string.  The  stop  could  be  made 
of  hemp  and  arranged  so  that  the  tamping  string  would  spread  them 
when  coming  down.  If  these  were  used  there  would  have  to  be  a 
system  of  placing  them  by  unscrewing  and  inserting  again  with 
an  additional  "stop."  Special  steel  collars  and  left-hand  threads 
might  be  employed  to  advantage.  After  tamping  had  been  done 
above  the  last  productive  measure,  the  filling  could  be  carried  to 
the  surface  or  near  it  and,  if  this  was  properly  done,  no  water  could 
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come  in  contact  with  the  casing.     It  is  believed  that  corrosion  of 
the  casing  would  be  negligible. 

When  bottom  water  is  encountered,  the  following  method  has 
been  used  with  success  against  a  strong  flow  of  water  that  could 
not  be  curbed  by  the  ordinary  method  of  stuffing  before  cementing. 
A  string  of  suitable  size,  smaller  than  that  which  entered  the  bot- 
tom water  is  inserted  to  bottom.  It  should  be  perforated  for  the 
bottom  water  and  carry  a  valved  heaving  plug  above  the  perfora- 
rations.  The  tamping  is  started  on  the  outside  and  the  flow  is 
handled  throug  hthe  plug.  After  finishing  the  tamping  the  valve 
in  the  plug  is  closed  and  the  water  is  confined  below  it.  A  little 
cement  may  be  dumped  on  top  of  the  plug  and  the  casing  cut  and 
removed. 

It  seems  that  the  tamping  method  could  be  used  with  decided 
advantage  in  many  cases,  that  it  was  the  victim  of  the  early-day 
drillers,  and  that  it  is  well  worth  consideration  of  some  of  our  oil 
well  problems. 

Comment  by  William  J.  Travers,  Fullerton,  Calif. :  "I  have 
used  the  tamping  process  on  about  30  wells  in  the  Olinda  district. 
I  regard  it  as  the  ideal  method  of  shutting  off  water.  Cement  is 
easier  to  place  but  is  liable  to  failure  from  (1)  the  cement  failing 
to  set  (2)  pipe  leakage,  (3)  well  walls  slacking  away  after  the  ce- 
ment sets  and  the  well  is  put  on  the  beam.  Tamping  avoids  these 
and  has  the  additional  advantage  when  begun  at  the  oil  sand  and 
carried  to  the  top  of  the  hole,  of  keeping  all  the  water  in  the  forma- 
tion originally  found,  and  not  allowing  it  to  penetrate  to  the  lower 
levels.  It  also  avoids  all  danger  of  collapse  and  "elbowed"  pipe, 
resulting  from  shifting  formation. 

"I  usually  tamp  the  string  of  casing  with  which  the  well  is 
finished.  Where  a  well  has  6,  8,  10  and  12j^-inch  casings  in  the 
hole,  the  8,  10  and  12J/^-inch  strings  are  removed  in  turn  as  the  well 
is  tamped.  I  use  cement  and  sand  the  first  hundred  feet,  and  then 
sand  only.  I  prefer  to  have  several  hundred  feet  of  sand  tamped 
below  the  last  water,  but  I  know  from  actual  experience  that  in  one 
well  40  feet  of  sand  has  held  a  1600-foot  head  of  water  for  the  past 
13  years,  and  that  sand  even  under  slight  pressure  will  hold  w^ater. 
This  fact  may  be  observed  when  sand  is  placed  in  a  leaky  tank. 
My  deepest  tamping  job  was  begun  at  3600  feet.  When  stops  are 
needed,  I  use  a  canvas  bag  placed  on  the  lower  joint  of  the  tamping 
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String.    This  bag  fills  with  sand  and  cement  and  forms  an  excellent 
bridge.  • 

"I  have  never  used  resin.  I  formerly  used  a  mixture  of  clay  and 
sand,  but  now  use  only  sand,  except  as  noted  for  the  first  hundred 
feet.  I  notice  on  page  213  of  the  report  of  the  Oil  and  Gas  Super- 
visoi:  that  tamping  can  be  used  only  when  the  casings  can  be  re- 
moved. This  would  be  desirable,  to  be  sure,  but  I  had  occasion 
to  tamp  one  well  with  two  solid  strings  of  10-inch  42-pound  casing 
and  8J^-inch  36-pound  casing,  which  were  perforated  and  a  4J/2- 
inch  string  tamped  in  with  a  6-inch  pipe." 

METHODS  OF  TESTING  THE  WATER  SHUT-OFF 

The  following  suggestions  have  been  issued  by  the  California 
State  Mining  Bureau : 

Measurements  to  the  bottom  of  the  hole  and  to  the  bottom  of 
the  casing  shoe  must  be  carefully  checked  before  the  casing  is 
landed  or  cemented  and  before  notifying  the  deputy  supervisor  of 
intention  to  test.  A  steel  tape  should  be  used  in  determining  the 
distance  that  the  sand  line  or  drilling  line  measures  over  the  derrick. 

Casing  must  be  tested  by  bailing  the  well  to  a  safe  depth,  de- 
pending on  the  collapsing  strength  of  the  casing,  before  drilling 
below  the  shoe.  Old  casing  may  collapse  with  less  pressure  than 
that  indicated  for  new  casing.  Testing  by  applying  pump  pressure 
inside  the  casing  will  not  always  reveal  leaks. 

Drilling  out  the  cement  or  other  material  in  the  casing  must  be 
done  carefully  to  avoid  damage  to  the.  "shut-ofT."  The  drill  should 
be  run  only  far  enough  to  go  through  the  cement  and  below  the 
shoe.  A  distance  of  from  five  to  ten  feet  below  the  shoe  will  be 
ample.  Drilling  too  far  below  the  shoe  may  cause  complications 
that  will  prevent  a  positive  test. 

Bailing  should,  if  possible,  continue  until  all  fluid  is  removed 
from  the  hole,  unless  there  is  danger  of  collapsing  the  casing.  It  is 
advisable  to  use  the  bailer  until  it  brings  up  nothing  but  mud  on 
the  last  run,  then  allow  the  well  to  stand  an  hour  or  more  and  again 
bail  to  remove  the  water  that  has  sprayed  on  the  inside  of  the 
casings  and  drained  to  the  bottom.  When  a  well  is  in  such  condition 
that  it  cannot  be  bailed  dry  with  safety,  the  fluid  should  be  lowered 
to  a  certain  depth  by  running  the  bailer  to  that  depth  until  no  more 
fluid  is  raised.    A  permanent  target  should  be  placed  on  the  line 
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to  mark  the  bailing  point.  If  both  oil  and  water  are  present  in  a 
well  that  cannot  be  bailed  dry,  it  may  be  necessary  to  remove  the 
water  by  bailing  from  the  bottom  of  the  well  until  the  bailer  fails 
to  bring  up  water.  The  well  should  then  be  allowed  to  stand 
several  hours  and  the  bailer  lowered  to  determine  the  point  where 
it  reaches  water;  at  this  point  the  well  is  ready  for  inspection  by 
the  deputy  supervisor.  Afterward  the  water  may  be  removed  by 
bailing  from  the  bottom  of  the  well,  account  being  kept  of  the 
amount  bailed  out.  It  may  be  necessary  to  repeat  this  process  sev- 
eral times  in  order  to  determine  whether  the  water  is  being  ex- 
hausted. In  case  of  high  pressure  and  flow  of  gas  or  in  the  case 
of  'heaving'  formation,  it  is  probable  that  the  well  can  be  tested 
only  by  pumping. 

When  a  tight  or  closed  bailer  is  used  in  a  deep  well,  some  form 
of  outlet  or  valve  should  be  provided  in  order  to  relieve  the  pres- 
sure that  may  endanger  the  lives  of  persons  in  the  derrick  when 
the  bailer  comes  out  of  the  well.  A  leaky  bailer  should  not  be 
used  in.  testing. 

A  well  must  stand  at  least  twelve  hours  without  any  bailing 
before  it  is  to  be  witnessed  by  a  representative  of  the  bureau.  A 
longer  time  is  preferable. 

The  law  requires  that  the  Bureau  be  given  written  notice  at 
least  five  days  before  a  test.  It  will  save  time  for  both  the  operators 
and  the  state  officials  if  additional  notice  of  the  exact  time  be  given 
by  telephone. 

CASING  TESTER  AND  BAILER  FOR  LOCATING 

CASING  LEAKS 

By  plugging  in  the  shoe  of  the  casing  and  making  bailing  tests, 
the  existence  of  a  casing  leak  and  the  rate  of  flow  can  be  detected, 
says  the  California  Mining  Bureau  in  a  bulletin  recently  issued. 

By  the  use  of  a  casing  tester  (see  Fig.  72)  the  position  of  the 
leak,  as  well  as  the  rate  of  flow,  can  be  detected.  The  acconipany- 
ing  sketches  sho>^how  the  tester  looks  and  how  it  works. 

Causes  of  casing  leaks  are  usually  one  or  more  of  the  following: 
Insufficient  tightening  of  casing,  collapse,  defective  wells,  corro- 
sion, line  wear,  or  shifting  formations. 

In  a  drilling  well  considerable  time  and  expense  can  be  saved 
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by  testing-  a  water  string,  if  cemented,  before  the  plug  is  drilled  o^t 
for  test  of  shut-off. 

If  this  program  is  not  followed,  the  test  for  water  shut-ofF  is 
not  only  inconclusive,  but  it  may  be  necessary  to  again  plug  the 
shoe  of  the  casing  with  cement  or  run  a  casing  tester. 

A  casing  tester,  or  swab  bailer,  as  it  is  sometimes  called,  can  be 
used  to  locate  definitely  any  one  of  a  number  of  leaks.  There  are 
a  number  of  variations  in  the  so-called  swab  bailer  or  casing  tester. 


SWABBATLER  OR  CASING  TESTEH 


All  testers  have  a  closed  bottom.  The  casing  must  be  bailed  free 
of  fluid  below  the  depth  to  be  tested.  The  tester  is  to  run  to  a  pre- 
<letermined  depth  and  allowed  to  stand  for  a  given  length  of  time. 
When  the  tester  is  removed,  the  amount  of  fluid  therein  can  be 
measured  and  the  rate  of  leakage  reduced  to  flow  for  12  or  84-hour 
periods. 

When  the  position  of  the  leak  has  been  determined,  the  next 
thing  to  do  is  to  repair  it.  The  method  of  repair  depends  to  a 
great  extent  upon  the  nature  of  the  leak. 

A  number  of  instances  of  insufficiently  tightened  casing  have 
come  to  our  attention.  In  most  cases  this  is  simply  due  to  lack  of 
care  when  the  casing  is  put  into  the  well. 
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The  following  are  given  as  examples  of  testing  and  repairing 
casing  leaks : 

In  well  No.  7  of  the  Standard  Oil  Company,  Sec.  8,  T.  30S., 
R.  22  E.,  M.  D.  B.  &  M.,  10-inch  casing  was  cemented  at  2355  feet 
with  160  sacks  cement  by  the  Perkins  method.  The  crew  reported 
that  a  casing  tester  was  run  to  1800  feet  and  it  was  found  that  the 
casing  was  leaking.  The  casing  was  then  screwed  up  30  inches 
and  water  was  found  to  be  shut  off. 

A  leak  was  found  at  1460  feet  in  6j4-inch  casing  in  well  No, 
M-C  36  of  Standard  Oil  Company,  Sec.  17,  T.  3  S.,  R.  10  W.,  S.  B. 
B.  &  M.  The  6j4-inch  casing,  landed  at  3993  feet,  was  ripped  with 
a  5^-inch  rip,  8  inches  long,  at  1550  feet  and  50  sacks  of  cement 
was  dumped  through  the  rip  into  the  space  between  the  6j4-inch 
and  8-j4inch  casings,  by  the  Perkins  method.  The  plug  in  the 
6j4-i"ch  casing  was  drilled  Q^t  from  1540  feet  to  1560  feet,  and  the 
wooden  plugs  (used  for  bridge)  pushed  down  to  2950  feet  with 
4-inch  rotary  pipe.  Water  was  bailed  to  2000  feet.  The  hole  stood 
51  hours,  and  at  the  end  of  that  period  showed  a  rise  of  one  foot  of 
water.    The  repair  work  was  usccessful. 

In  well  No.  3  of  the  Southern  Pacific  Company,  Fuel  Oil  De- 
partment, Sec.  19,  T.  20  S.,  R.  15  E.,  M.  D.  B.  &  M.,  a  leak  was 
found  in  the  8j4-ii^ch  casing,  cemented  at  1430  feet.  The  leak  was 
repaired  by  setting  a  packer  at  1394  feet.  The  fluid  level  before 
setting  packer  was  90  feet  from  the  top,  and  after  setting  packer 
it  was  600  feet  from  top.  After  producing  the  well  one  week,  the 
fluid  level  dropped  to  1200  feet,  the  old  fluid  level  of  the  well. 


CHAPTER  III. 

OPERATION  OF  PROPERTIES  AND 
HANDLING  OF  PRODUCTION 


Introduction. — The  operation  of  properties  and  handling  of 
production  is  so  broad  a  subject  that  it  is  exceedingly  difficult  to 
know  exactly  how  to  proceed  in  order  to  group  the  material  in 
such  a  manner  that  all  persons  interested  in  the  subject  can  easily 
get  the  data  most  desired. 

It  has  been  thought  best  first  to  take  up  the  problems  which 
are  encountered  in  the  bringing  in  of  flowing  wells,  then  to  give  a 
short  treatise  on  swabbing,  to  go  from  that  to  the  blowing  of  wells 
with  compressed  air;  and  lastly  to  treat  of  the  handling  of  pump- 
ing wells  and  the  problems  arising  therefrom. 

In  every  case  the  various  phases  are  taken  up  by  treating  the 
problems  and  their  solution  in  distinct  localities.  This  is  deemed 
much  preferable  to  making  an  attempt  to  treat  these  subjects  in 
a  broad  and  general  way,  thereby  benefitting  no  one  specificiallv. 

THE  CONTROLLING  OF  GUSHERS  AND  GASSERS 

The  Control  Casing  Head 

Throughout  the  Mid-Continent  fields  the  control  casing  head 
finds  extensive  use  in  the  "bringing  in"  of  oil  and  gas  wells.  It  is 
thoroughly  described  by  its  inventor,  Mr.  Alfred  Heggem  (Trans. 
A.  I.  M.  E.)  as  follows : 

With  the  bottom  of  the  casing  securely  m  place,  and  forming  a 
pressure-tight,  non-leaking  joint,  the  top  of  the  casing  remains  to 
be  considered  in  the  matter  of  control.  Valves  of  various  type* 
were  tried,  and  while  not  accomplishing  as  much  as  was  desired, 
they  were  in  many  cases  a  necessity. 

In  its  highest  form,  this  type  of  equipment  consisted  of  a  gate 
valve,  of  inside  diameter  greater  than  that  of  the  casing,  surmounted 
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by  the  casing  head,  the  two  being  connected  by  a  short  nipple. 
This  arrangement  provided  the  usual  casing  head  to  which  flow- 
connections  could  be  made  and  through  which  the  usual  drilling 
operations  could  be  conducted.  In  addition,  the  gate  valve  fur- 
nished means  by  which  the  well  could  be  shut  in  when  the  drilling 
tools  were  removed. 

It  was  thought  by  many  that  a  gate  valve  so  placed  on  the  head 
of  a  well  insured  control,  but  in  practice  many  failures  of  this  ar- 
rangement demonstrated  that  it  did  not  safeguard  either  life  or 


Fig.  7}— Control  Casing  Head 

property  and  really  caused  a  false  feeling  of  safety.  In  fact,  be- 
cause of  inability  to  close  the  valve  promptly  at  a  critical  moment, 
oil  or  gas  has  become  ignited  and  burned  with  great  violence,  mak- 
ing approach  to  the  well  impossible.  The  gate  valve  had  to  be  re- 
moved by  shooting  off  with  a  cannon  ball,  or  other  means,  before 
the  well,  thus  supposedly  safeguarded,  could  be  brought  under  con- 
trol 

Requirements  for  efficient  controlling  device. — A  proper  closing 
and  controlling  device  for  the  head  of  an  oil  or  gas  well  must  meet 
the  following  requirements:  it  must  permit  driUing  operations  to 
be  carried  on  without  interference;  permit  of  immediate  and  tight 
closing;  control  the  flow  without  back  pressure;  insure  safety  to 
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workmen ;  be  simple  in  construction ;  compact  in  size ;  sufficiently 
strong  to  control  maximum  pressures ;  proof  against  injury  in  hand- 
ling; unaffected  by  sand;  and  unaffected  by  fire. 

The  control  casing  head — The  "control  casing  head/'  combining 
the  functions  of  a  gate  valve  and  a  casing  head,  was  designed  to 
meet  these  requirements,  which  are  considered  necessary  to  safe- 
guard life  and  property  during  the  operations  of  well  drilling. 

This  device  is  similar  in  general  appearance  and  size  to  the 
common  type  of  casing  head  in  general  use  (Fig.  73).  It  can  be 
placed  above  or  below  the  derrick  floor,  at  the  will  of  the  operator, 
and  is  arranged  to  receive  the  standard  fittings  commonly  used 
with  casing  heads.  The  tcp  opening  is  threaded  to  receive  a  drill- 
ing nipple  or  other  top  connections  usually  employed  in  gas  wells. 

The  interior  of  the  head  is  b#red  out  to  a  true  cylinderical  form 
into  which  is  closely  fitted  the  plug  or  valve  (Fig.  74).  This  valve 
is  open  at  one  end  to  provide  a  lateral  passage  for  the  oil  or  gas ; 
the  other  end  is  reduced  in  diameter  to  form  a  stem,  which  extends 
through  a  suitable  stuffing  box,  and  by  which  the  valve  may  be 
operated.  On  the  stem  side  of  the  valve  a  flat  surface,  or  flange* 
fits  closely  against  the  base  of  the  stuffing  l)ox,  making  a  tight 
joint,  thereby  to  a  large  degree  relieving  the  stuffing  box  of  dut^ 
in  preventing  leakage.  The  extending  stem  is  hexagonal  in  form 
to  accommodate  a  wrench,  but  a  tranverse  hole  through  it  pro- 
vides a  more  convenient  means  ot  operating  by  use  of  a  bar  of  iron, 
such  as  a  bolt  or  piece  of  1-inch  pipe. 

To  provide  for  the  convenient  operation  of  the  valve  at  a  dis- 
tance, when  the  casing  head  is  below  the  floor  or  is  otherwise  not 
readily  accessible,  the  end  of  the  stem  is  bored  out  and  threaded  to 
take  an  extension  of  standard  2-inch  pipe. 

The  back  of  the  valve  is  broad  enough  to  close  completely  either 
top  or  bottom  opening  in  the  body,  and  provide  sufficient  lap  to 
prevent  leaking. 

On  each  side  of  the  back  of  the  valve  is  a  groove  ,or  notch,  of 
sufficient  size  to  encompass  the  drilling  line,  sand  line,  or  torpedo 
line.  By  this  provision  the  valve,  when  closed,  while  completely 
shutting  in  any  flow,  does  not  injure  the  line. 

By  means  of  the  end  opening,  as  well  as  by  recessing  the  back 
of  the  valve,  the  pressures  within  the  casing  head  are  to  a  large  de- 
gree counterbalanced,  making  the  operation  of  the  valve  easy. 
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The  device  is  simple,  consisting  of  but  four  pieces,  and  haviiij;^ 
but  one  moving  piece.  It  cannot  be  damaged  by  any  of  the  usual 
drilling  operations  or  by  rough  handling. 

Stops  are  provided  within  the  body  to  prevent  the  valve  from 
being  turned  too  far  in  either  direction.  With  the  valves  in  nor- 
mal position  but  a  quarter  turn  of  the  stem  is  required  to  close  the 
top  or  the  bottom,  opening,  turning  the  flow  into  the  tanks  or  en- 
tirely shutting  in  a  well. 

The  control  casing  head 
is  used  in  much  the  same 
manner  as  gate  valves  and 
common  casing  heads,  but 
it  has  many  special  uses 
that  have  developed  large- 
ly from  experience  with 
the  great  number  in  oper- 
ation in  various  oil  fields. 

The  control  of  wildcat 
wells. — W  hen  drilling  a 
well  in  unknown  territory 
it  is  not  possible  to  fore- 
see what  conditions  may 
be  encountered,  and  many 
wells  so  drilled  have 
^*gone  wild"  with  great 
destruction  o  f  property 
property  and  in  a  number  of  cases  with  loss  of  life. 

Some  such  wells  have  ruined  fields  of  good  prospective  value  by 
letting  water  in  on  the  oil  in  such  quantities  as  to  render  further 
operations  in  that  district  unprofitable. 

For  such  cases  it  is  desirable  to  place  a  control  casing  head  on 
the  first  string  of  casing  landed  in  the  well  and  maintain  it  thero 
through  all  subsequent  drilling  operations.  This  insures  that  the 
well  can  be  kept  under  control,  and  if  at  any  time  oil  or  gas  is  en- 
countered unexpectedly  the  well  can  be  instantly  shut  in  until 
provision  is  made  for  taking  care  of  the  yield.  It  is  not  necessary 
to  withdraw  the  tools  as  the  valve  will  close  tightly  around  the 
line,  so  no  time  need  be  lost  in  bringing  the  well  under  control. 


Fig.  74 — Control  casing  head  on  well  showing  the 
curved  deflecting  surface  to  change  gradually  the 
direction  of  flow  and  prevent  the  mechanical  vapori- 
zation of  the  oil.  The  area  of  the  passage  through 
the  casing  head  being  greater  than  that  of  the  casing 
insures  a  reduced  velocity  and  prevents  frictional 
back   pressure   on  the   well 
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Also,  with  the  flow  stopped  or  controlled,  there  is  no  force  acting 
to  expel  the  tools,  so  this  danger  is  avoided. 

When  a  new  string  of  casing  is  set  inside  of  the  one  carrying 
the  controlling  device,  the  string  may  be  set  with  the  top  below  the 
head  in  order  not  to  interfere  with  the  free  action  of  the  valve;  or 
the  control  head  may  be  set  on  the  inner  string  by  using  a  swage 
nipple;  or  a  smaller  head  of  suitable  size  may  be  used. 

If  it  is  desired  to  shut  in  gas  between  the  two  strings  of  casing, 
a  packing  ring  may  be  screwed  into  the  larger  casing  head  and  a 
^as-tight  joint  made  on  the  outside  of  the  inner  casing. 

This  process  may  be  repeated  with  each  string  of  casmg  m^ert- 
ed  in  the  well.  Of  course  where  several  heads  are  used  on  the 
same  well,  the  larger  ones  should  be  placed  below  the  derrick  floor 
in  order  that  the  last  casing  head  may  not  extend  to  such  a  height 
above  the  floor  as  to  interfere  with  the  ready  wrenching  of  the 
took  or  limit  the  length  of  temper  screw  that  may  be  let  out. 

Use  of  control  head  in  established  oil  field. — When  drilling  in  an 
established  field  the  control  casing  head  is  placed  on  the  last  string 
of  the  casing  to  be  seated  in  the  well.  Since  it  is  about  the  same 
height  as  the  common  casing  head,  it  does  not  interfere  with  the 
wrenching  of  the  tools  or  other  drilling  operations. 

If  a  pocket  of  gas  is  encountered,  the  well  may  be  instantly  shut 
in  without  removing  the  tools,  all  fires  may  be  safely  extinguishc-a 
and  the  boiler  moved  back  to  a  safe  distance,  when  drilling  may  bo 
resumed. 

On  reaching  the  oil  sand,  if  the  well  starts  to  flow  ic  m.a^/  be 
shut  in,  or  if  flow-line  connections  have  been  made  the  entire  flow 
may  be  diverted  to  the  flow  tank.  When  the  flow  ceases,  drillinij; 
may  be  resumed  and  continued  without  loss  of  time  until  the  well 
again  starts  to  flow. 

If  the  well  flows  continuously,  an  oil  saver  is  placed  on  the  line 
immediately  above  the  control  casing  he:id,  while  same  is  closed. 
When  ready,  the  valve  is  turned  to  allow  the  oil  saver  to  enter  the 
seat  in  the  top  of  the  casing  bead.  This  may  be  accomplished  with- 
out loss  of  oil,  wells  producing  as  high  as  10,000  and  12,000  barrels 
of  oil  per  day  having  been  drilled  in  this  manner  without  and  oil 
showing  on  the  derrick. 

The  prevention  of  waste  of  oil  in  drilling  means  not  only  a  sav- 
ing to  the  operator,  but  also  the  reduction  of  the  fire  hazard  to  a 
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minimum.  The  driller  and  "tool  dresser''  do  not  get  drenched  in 
oil  and  thereby  risk  fatal  injury  by  fire,  which  under  the  usual  con- 
ditions prevailing  before  the  introduction  of  the  control  casing  head 
occurred  with  appalling  frequency. 

Moving  the  boiler  away  from  the  rig  did  not  remove  all  hazard, 
for  cases  are  known  in  which  a  tool  dresser,  in  clothes  soaked  with 
oil  from  a  spraying  well,  has  approached  the  boiler  to  try  the  water 
cocks  and  had  the  flames  from  under  the  boiler  set  fire  to  his  cloth- 
in(f.     Such  accidents  are  almost  always  fatal. 

The  control  head  useful  in  shooting  an  oil  well. — It  often  hap- 
pens that,  while  a  well  still  flows  or  sprays  oil  continuously,  the 
yield  has  reduced  to  such  an  extent  that  shooting  must  be  resort- 
ed to  in  order  to  save  the  well.  There  are,  in  fact,  many  reasons 
for  shooting  a  well,  even  though  the  flow  pressure  is  such  as  to 
make  the  placing  of  the  shot  a  hazardous  undertaking. 

In  the  history  of  the  petroleum  industry,  one  finds  that  frequent- 
ly a  well  would  flow  during  the  placing  of  a  shot,  causing  the  shell 
CO  be  ejected  from  the  well  to  explode  in  the  derrick,  with  frightful 
loss  of  life  and  property. 

The  use  of  the  control  casing  head  on  the  inner  string  of  casing 
m^kes  the  shooting  of  any  well  a  safe  operation.  The  shell  con- 
taining the  "shot"  is  lowered  until  the  top  is  below  the  casing  head., 
when  the  valve  in  the  latter  is  turned  to  close  the  top  opening,  and 
the  oil,  which  under  former  conditions  would  spray  into  the  air  and 
be  lost,  is  now  all  caught  in  the  flow  tank.  The  slight  opening  in 
the  rope  notch  of  the  valve  to  permit  the  torpedo  line  to  slip  through 
is  not  sufficient  to  permit  an  appreciable  amount  of  waste. 

The  valve  is  maintained  in  this  closed  position  until  the  shell  is 
landed  on  bottom  and  the  torpedo  line  withdrawn.  It  is  then 
opened  to  permit  the  introduction  of  the  squib,  or  other  means  em- 
ployed to  explode  the  shot,  and  is  kept  open  until  the  well  has 
cleaned  itself,  when  it  may  be  closed  in  time  to  catch  the  "second 
.low." 

While  usual  practice  demands  that  the  well  be  open  during 
shooting  to  permit  the  well  to  cleanse  itself  of  the  torpedo  shells 
and  of  the  sand  and  other  material  loosened  by  the  shot,  yet  by  the 
use  of  the  control  casing  head  all  of  this  may  be  deflected  into  a 
tank  without  putting  a  back  pressure  on  the  well.  Not  only  will 
all  of  the  oil  be  saved,  but  a  more  complete  record  of  the  effect  of 
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the  shot  will  be  found  in  the  accumulations  arising  from  fragments 
of  rock  broken  off  and  thus  trapped. 

The  introduction  of  the  control  casing  head  has  made  it  possible 
to  shoot  wells  of  any  size  regardless  of  the  amount  of  flow,  and  it 
has  in  practice  demonstrated  its  value  by  checking  the  flow  in  a 
well  which  threatened  to  expel  the  shot,  consisting  of  20  quarts  of 
nitro-glycerine  contained  in  two  shells  joined  together.  In  this 
case,  of  course,  the  valve  was  turned  to  close  the  bottom  opening 
and  entirely  shut  in  the  well.  This  was  done  instantly  and  without 
injury  to  the  torpedo  line. 

Application  of  control  head  to  gas  wells. — While  the  name  "cas- 
ing head"  would  seem  to  imply  a  use  limited  to  oil  wells,  the  control 
casing  head  is  equally  useful  in  drilling  gas  wells,  and  is  used  in 
the  same  manner  as  in  drilling  wells  for  oil. 

In  many  places  it  is  customary  to  drill  gas  wells  during  daylight 
only  and  to  allow  the  well  to  remain  open  during  the  night,  thus 
wasting  a  large  volume  of  gas  and  reducing  the  rock  pressure  on 
the  gas  that  remains  in  the  sand  after  the  well  is  completed.  With 
the  control  casing  head  on  the  well  the  gas  can  be  shut  in  during 
the  time  when  active  drilling  operations  are  suspended.  Not  only 
is  the  waste  of  gas  stopped  and  a  higher  rock  pressure  insured,  but 
also  the  fire  hazard  is  practically  eliminated. 

When  the  well  is  completed  the  contro!  casing  head  is  utilized 
in  the  same  manner  as  the  common  T  fitting.  The  usual  top  and 
side  connections  are  made  to  the  head,  with  the  advantage  that  in 
the  event  of  leaky  gate  valves,  or  damage  to  the  lines,  the  gas  may 
be  instantly  shut  in  and  repairs  made  without  waste  of  gas  or  danger 
of  fire. 

After  a  gas  well  is  completed,  it  is  the  usual  custom  to  limit  the 
flow  of  gas  into  a  pipe  line  by.  partially  closing  the  valve  at  the  head 
of  the  well.  This,  in  the  case  of  a  gate  valve,  leaves  a  crescent- 
shaped  opening  of  great  length  and  slight  width,  with  the  result 
that  all  of  the  gas  in  passing  through  is  forced  to  rub  the  sides  of 
the  opening,  causing  rapid  wear  of  the  gate  and  seats  and  destruc- 
tion of  the  valve.  The  control  casing  head,  in  contrast,  gives  a 
small  round  opening  gradually  increasing  to  an  oval-shaped  open- 
ing, thus  presenting  a  minimum  rubbing  surface  in  contact  with 
the  gas  and  reducing  the  wearing  action. 

The  tight  closing  of  the  valve  in  the  control  casing  head  and 
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the  freedom  from  leakage  are  very  important  advantages  in  secur- 
ing life  and  freedom  from  accidents. 

Effect  of  sand  on  control  casing  head. — Owing  to  the  absence  of 
recesses  and  projections  within  the  body  of  the  control  casing  head, 
there  is  no  place  in  which  sand  can  lodge  by  flowing  oil  during 
drilling  operations,  therefore,  has  not  in  any  way  disturbed  the  easy 
operation  of  the  valve. 

While  sand  cannot  lodge  and  interfere  with  the  action  of  the 
valve,  there  is  a  possibility  of  injury  from  the  cutting  action  of 
sand.  To  meet  this  condition  the  valve  portion  is  made  with  a 
curved  surface  to  deflect  the  flow  gradually  from  vertical,  in  th^ 
casing,  to  horizontal,  in  the  flow  line.  This  curved  surface  is 
backed  by  a  great  thickness  of  tough  metal  which  will  for  a  long 
time  resist  the  scouring  action  of  the  sand.  By  thus  gradually 
changing  the  direction  of  flow,  no  flat  surface  is  exposed  to  the 
direct  impact  of  the  sand  and  cutting  action  is  materially  reduced. 

Some  operators  prefer  to  cushion  the  flow  when  the  well  is 
making  much  sand.  This  can  readily  be  done  by  screwing  a  short 
joint  of  pipe  into  the  top  of  the  casing  head  and  closing  the  top 
of  the  pipe  by  a  metal  plug.  Sometimes  a  plug  of  wood  is  driven 
into  the  cushion  pipe  to  protect  the  metal  plug  from  being  cut  by 
the  sand. 

This  cushion  pipe  may  be  assembled  and  secured  in  place,  while 
the  casing  head  is  closed,  after  which  the  valve  may  be  turned  to 
the  side  position  out  of  the  path  of  the  oil  and  sand. 

The  control  head  as  an  aid  in  killing  a  gas  well. — Gas  is  fre- 
quently encountered  in  drilling  for  oil  and  interferes  with  the  fur- 
ther drilling  of  the  well.  Experience  has  shown  that  gas  may  be 
found  in  large  volume  and  at  high  pressure  above  a  formation  con- 
taining oil  in  paying  quantities.  This  fact  has  led  to  enormous 
waste  of  gas  in  an  endeavor  to  reduce  the  pressure  so  that  drilling 
could  be  continued  to  the  deeper-oil-bearing  formation. 

For  a  long  time  this  waste  of  gas  was  considered  necessary  and" 
was  condoned  on  the  ground  that  the  value  of  the  gas  so  wasted 
was  less  than  that  of  the  oil  subsequently  secured. 

Aside  from  the  loss  due  to  the  waste  of  the  gas,  the  delay  in 
drilling  adds  greatly  to  the  expense  of  the  well,  and  postpones  the 
recovery  of  oil,  entailing  a  further  loss  of  oil  through  offset  wells. 
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■which  have  previously  tapped  the  oil  sand  and  are  drawing  from 
the  common  pool. 

It  behooves  the  operator  to  complete  his  well  in  the  shortest 
time  possible ;  therefore,  the  modern  method  is  to  seal  off  the  gas 
sand  and  continue  drilling  without  further  delay.     The  use  of  mud- 
laden  fluid  in  killing  a  gas  well  is  too  well  known  to  require  a  de- 
scription here,  but  it  may  be  in- 
teresting to  know  that  the  "lubri- 
cator" method  of  introducing  mud 
into  a  gas   well  presented   some 
practical  difficulties  in  operation 
and  was  attended  with  some 
hazard. 

The  large  gate  valves  which 
were  used  became  difficult  to  op- 
erate, partly  because  they  were 
not  designed  to  operate  in  mud. 

By  using  the  control  casing 
head  already  on  the  well,  these 
difficulties  and  the  expense  of 
buying  and  the  loss  of  time  in 
securing  special  gate  valves  are 
avoided. 

On  top  of  the  control  casing 
head  are  set  one  or  more  joints 
of  any  size  casing  available  (two 
joints  of  10-inch  casing  are  my 
own  preference).     To  the  top  of 

the  casing  extension   thus  provid-       'k'ill'"s[s''"*'All  "operi^rons'ar*  conlrone^ 

ed,  a  2-inch  pipe  is  connected  and     '"""  "■*  ''"b*Lg''rtqiiIred''"'  "'"  '''''* 
brought  down  the  outside  of  the 

rxttnsion  to  within  about  4  feet  of  the  floor,  the  end  being  fitted 
with  a  valve  or  stop  cock  (Fig.  75). 

From  the  side  outlet  of  the  control  casing  head  a  2-  or  3-inch 
connection  is  made  to  the  pump  discharge.  This  line  should  be 
provided  with  a  check  valve  and  a  stop  cock. 

All  fittings  should  be  of  suitable  strength,  and  as  the  control 
casing  head  is  designed  for  a  safe  load  of  1800  pounds  per  square 
inch  all  other  fittings  should  be  selected  from  extra  heavy  stock. 
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The  2-inch  down  pipe  from  the  top  of  the  extension  should  be 
securely  clamped  to  the  extension,  and  the  valve-controlled  outlet 
should  be  turned  in  a  direction  away  from  the  operator. 

These  fittings  are  all  made  while  the  well  is  shut  in.  The  pump 
is  then  started  and  mud-laden  fluid  pumped  into  the  extension 
chamber  until  it  is  full,  as  indicated  by  mud  showing  at  the  outlet 
of  the  blow-off  pipe.  This  outlet  is  then  closed  and  the  valve  in 
the  casing  head  opened  permitting  the  mud  to  pass  into  the  well. 
As  soon  as  the  extension  chamber  has  emptied,  the'  valve  in  the 
casing  head  is  again  closed  and  the  outlet  valve  on  the  down  pipe 
,  opened.  This  operation  is  repeated  until  the  well  is  filled  and  the 
gas  killed. 

The  advantage  of  this  arrangement  lies  in  the  fact  that  every- 
thing is  controlled  from  the  derrick  floor  and  no  extra  help  is  re- 
quired. Also  time  is  saved,  since  the  pump  will  start  delivering 
mud  into  the  extension  chamber  as  soon  as  the  gas  pressure  is  re- 
duced, and,  further,  it  is  possible  to  pump  directly  into  the  weO 
without  any  change  of  fittings. 

The  Mortenson  Well  Capper' 
Description  of  apparatus.— The  Mortenson  well  capper  (Fig.  77 
and  78)  devised  by  A.  C.  Mortenson  has  been  successfully  used  in 
the  Midway  and  CoaUnga  fields  for  controlling  oil  wells  of  large 
flow   after   they   have   gone 
wild.    It  is  a  modification  of 
the  straightway  gate  valve, 
differing   from   the   latter 
principally  in  the  design  of 
the  hub,  or  barrel,  which  is 
made  in   two  separate  seg- 
ments fastened  together 
with  bolts.    The  gate  "b"  is 
nearer  the  upper  flange,  thus 
dividing  the  orifice  into  two 
chambers  of  unequal  lengths, 
the    larger   one    "c"   having 
n,.  77-Morten™  «<ii  wpper  ^^o    circular   Openings    "d" 

^Yi  to  6}^  inches  in  diame- 
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ter.  The  recess  "e"  is  designeil  to  allow  the  gate  to  be  drawn  back 
of  the  clear  about  three-quarters  of  an  inch,  thus  making  possible 
the  clamping  of  the  capper  around  the  well  casing  without  danger 
of  damaging  the  gate.  The  lower  part  of  the  apparatus  has  a 
grooved  shoulder  "f,"  provide^  with  hydraulic  packing  in  order  to 
prevent  the  backward  flow  of  oil  or  gas  between  the  casing  and  the 


B.     Gusher  conirolled  wiih  a  Mortenion  Opper,     Notice  oil  cushions 
Fig.  ?8 

capper,  there  being  enough  space  between  the  shoulder  and  the  side 
openings  to  allow  for  the  standard  casing  collar.  The  capper  and 
the  casing  are  further  secured  by  four  anchor  bolts,  which  pass 
through  the  lower  flange  at  "g,"  into  a  bed  of  concrete  around  the 
casing,  and  to  the  upper  flange  are  bolted  screw  flanges  to  fit  dif- 
ferent sized  casings. 
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A  detail  in  the  design  of  the  capper  that  at  times  plays  a  very 
important  role  in  its  successful  operation  is  the  rounding  of  the 
lower  edge,  "h,"  of  the  groove  into  which  the  gate  fits ;  because  of 
this  provision,  whatever  sand  may  be  forced  into  the  groove  when 
the  gate  is  being  closed  is  easily  washed  down,  thus  permitting  the 
gate  to  be  closed  tight.  The  apparatus  is  manufactured  in  differ- 
ent sizes;  that  adaptable  to  6J4-inch  casing  weighs  about  1600 
pounds,  the  8>4-inch  about  1600  pounds,  and  the  one  for  a  15j4- 
inch  casing  is  estimated  to  weigh  3600  pounds. 

Oil-cushion  attachment. — In  order  that  the  sand  usually  accom- 
panying the  oil  in  the  California  fields  may  not  wear  out  any  metal 
cap  placed  on  the  T,  an  oil  cushion  (Fig.  78-B)  is  provided.  Thi*, 
consist  of  a  pipe  about  8  feet  long,  having  a  tight  hard^'ood  plug 
and  a  cast-iron  screw  cap  on  the  opposite  end.  This  chamber  is 
constantly  full  of  eddying  oil  and  sand,  and  thus  affords  a  yielding 
cushion  that  effectively  retards  the  velocity  of  the  sand  grains  and 
minimizes  their  wearing  action.  The  wooden  plug  affords  added 
safety  as  it  is  not  as  quickly  attacked  by  the  sand  as  the  unprotect- 
ed metal  cap.  To  the  other  opening  of  the  T  are  connected  the 
necessary  fittings  to  divert  the  flow  into  as  many  channels  as 
needed,  and  additional  oil  cushions  may  be  provided  if  safety  is 
required. 

Mode  of  operation. — The  peculiar  design  of  the  apparatus  sug- 
gests at  once  its  mode  of  operation.  If  the  uppermost  joint  is  sound 
and  the  top  of  the  casing  is  accessible,  the  two  segments  of  the  cap- 
per are  readily  bolted  together  around  the  casing:  collar.  Th!s 
operation  presents  no  difficulties,  as  at  no  time  is  the  flow  of  oil 
disturbed  in  any  way,  which  is  the  essential  difference  and  advan- 
tage of  this  method  compared  with  those  which  necessitate  partly 
obstructing  the  flow  of  gas  or  oil  before  the  apparatus  is  placed  in 
position.  The  necessary  nipples,  gates,  etc.,  are  connected  to  the 
side  openings  to  take  proper  care  of  the  oil  when  the  flow  is  diverted 
laterally  by  closing  the  gate  on  the  capper.  Once  this  is  accom- 
plished the  connections  on  top  of  the  capper  are  made  without 
delay,  as  the  side  outlets  are  intended  to  take  care  of  the  flow  only 
temporarily.  The  fittings  generally  used  are  an  18-inch  nipple,  di- 
rectly over  the  capper,  a  two-way  T,  and  whatever  additional  nip" 
pies,  valves,  etc.,  are  needed  to  divert  the  flow  as  desired. 

If  the  uppermost  joint  is  damaged,  a  hole  is  dug  around  the  cas- 
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ing  and  the  apparatus  is  clamped  to  the  first  sound  joint.  As  an 
added  precaution,  the  excavation  may  be  filled  with  concrete  and 
the  capper  secured  by  means  of  the  anchor  bolts.  After  the  side 
connections  have  been  made  the  upper  joint  of  casing  is  unscrewed 
and  raised  above  the  gate  within  the  body  of  the  capper  to  allow 
the  closing  of  the  gate,  and  thus  divert  the  flow  to  the  lateral  open- 
ings. 

When  the  top  connections  have  been  made,  the  gate  of  the  cap- 
per is  opened  slowly  to  allow  some  of  the  oil  to  flow  through  the 
capper  and  test  the  upper  connections,  and  if  these  are  found  safe 
the  gate  is  entirely  opened.  The  gate  valves  attached  to  the  side 
connections  can  then  be  closed  without  trouble,  thus  placing  the 
well  under  perfect  control. 

This  method  has  been  found  eflfective  in  controlling  oil  wells  on 
fire,  since  if  it  is  possible  to  reach  the  casing  one  or"  two  joints  below 
the  mouth  of  the  well,  the  flow  of  oil  can  be  diverted  through  the 
side  openings  and  allowed  to  discharge  at  any  safe  distance  away 
from  the  well.  In  this  operation,  after  the  upper  joints  have  been 
unscrewed,  it  is  best  not  to  remove  them  from  the  capper,  but  to 
lift  them  just  enough  to  allow  the  closing  of  the  gate,  the  design 
of  the  apparatus  permitting  such  operation.  After  the  Pacific  Crude 
gusher  in  the  Midway  field  caught  fire  it  was  subdued  by  the 
method  outlined. 

Special  Methods  Used  in  California  for  Controlling  Gas  Wells' 

The  capping  of  gassers. — The  method  described  below  has  been 
used  successfully  in  the  Buena  Vista  Hills  (by  J.  A.  Pollard)  for 
capping  some  gassers  at  which  no  provision  had  been  made  for 
controlling  the  flow  through  the  inner  casing  or  between  the  cas- 
ings. As  the  flow  was  mainly  from  the  inner  casing  ,it  was  de- 
cided to  eliminate  the  chance  of  the  gas  flowing  between  the  casings 
after  the  inner  casing  had  been  closed  by  first  placing  the  equiva 
lent  of  a  blow-out  preventer  apparatus  on  the  outer  casing.  An 
operation  of  this  sort  embraces  the  following  general  features :  A 
device  (Fig.  79)  with  a  special  cast-iron  four-way  T,  "a,"  with  stuff- 
ing box,  "b,"  heavy  gate  valves,  "c,"  connecting  nipples,  "d,"  etc., 
is  built  up.  This  is  raised  about  10  feet  over  the  casing  head,  and 
by  means  of  the  guy  ropes  is  then  lowered  to  the  casing,  over  the 
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Stream  of  gas,  and  bolted  to  the  casing  head.  The  valves  are  then 
partly  or  entirely  closed.  The  outer  casing  is  next  anchored  down 
by  means  of  the  clamps,  "e,"  embedded  in  concrete,  the  inner  string 
being  secured  to  the  T  with  the  clamp-and-bolt  arrangement  shown 
in  the  figure. 

After  provision  had  been  made  in  the  manner  described  to  pre- 
vent possible  flow  between  the  casings,  the  operation  proper  of 
capping  the  gasser  was  carried  on  as  follows: 


Details  of  the  method. — An  apparatus  {Fig.  80)  was  assembled 
that  was  made  up  of  two  special  valves,  "a,"  "b,"  weighing  about 
4700  pounds  each  and  connected  by  about  40  feet  of  40-pound 
10-inch  casing.  Swage  nipples  reduced  the  diameter  Of  the  appa- 
ratus to  that  of  the  well  casing.  The  lower  valve  was  provided 
with  a  pressure  gage,  as  shown  in  the  figure.  The  apparatus  was 
assembled  on  the  ground,  the  valves  being  left  open  to  insure  free 
passage  for  the  gas. '  A  collar,  "c,"  with  four  rings,  was  placed 
in  its  lower  part,  and  to  the  rings  were  attached  guy  lines  that 
passed  through  blocks  generally  made  fast  to  the  legs  of  the  derrick. 
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Under  the  collar  on  the  upper  end  of  the  apparatus  was  clamped  an 
elevator,  and  to  this  was  attached  a  wire  about  30  feet  long,  having 
its  other  end  tied  to  the  hook  of  the  casing  block  or  to  any  other 
suitable  block-and-tackle  arrangement.  The  hook  was  not  attached 
directly  to  the  elevators,  as  the  great  bulk  of  the  block  would  ob- 
struct the  passage  ot  the  stream  of  gas.  The  apparatus  was  raised 
about  10  feet  above  the  casing  head,  where  the  stream  of  gas  was 
less  compact,  and  by  means  of  the  guy  lines  and  blocks  was  then 
lowered  to  the  casing  and  screwed  in  place.  The  flow  of  gas  offer- 
ed comparatively  small  hindrance  to  this  operation,  as  the  valves 
of  the  apparatus  were  wide  open  and  the  diameter  of  the  apparatus 
was  larger  than  that  of  the  casing.  Care  had  to  be  exercised  in 
bracing  the  apparatus  before  releasing  the  wire  line  attached  to  the 
elevator,  so  that  the  vibration  caused  by  the  gas  would  not  damage 
the  connection  to  the  well  casing.  After  the  apparatus  had  been 
screwed  in  place  the  valves  were  closed,  thus  controlling  the  flow. 
The  upper  valve  was  provided  with  a  grooved  wheel,  around  which 
was  wound  a  wire  for  controlling  its  operation  from  the  derrick 
floor. 

Sealing  or  "killing"  a  gas  stratum. — In  case  it  is  desired  to  "kill" 
the  gas  after  the  flow  has  been  controlled  in  the  manner  just  de- 
scribed, the  following  method  can  be  employed:  When  the  appa- 
ratus mentioned  above  has  been  put  in  place,  as  described,  the 
lower  valve  is  closed  and  the  40  feet  of  10-inch  casing  is  filled  with 
mud-laden,  water  by  means  of  a  pump  fitted  with  valves  that  can 
work  in  water  containing  40  per  cent  of  solids.  The  upper  valve 
is  then  closed  and  the  lower  one  opened ;  the  mud  laden  water  then 
drops  to  the  bottom  of  the  well.  The  lower  valve  is  again  closed 
and  the  upper  one  opened,  thus  permitting  the  escape  of  the  gas 
displaced  by  the  mud  fluid  but  preventing  an  increase  in  the  pres- 
sure of  the  well.  The  operation  is  repeated  until  the  weight  of  the 
column  of  fluid  in  the  well  is  enough  to  overcome  the  gas  pressure. 
Both  valves  are  then  opened,  and  the  well  is  filled  with  fluid.  The 
weight  of  the  column  of  fluid  forces  the  fluid  into  the  gas  stratum 
to  be  sealed. 

If  the  pressure  in  the  gas  stratum  exceeds  that  of  the  column 
of  mud-laden  fluid  in  the  well  it  becomes  necessary  to  attach  to  the 
head  of  the  well  a  pump  capable  of  furnishing  as  much  additional 
pressure  as  is  needed  to  overcome  the  gas  pressure  and  the  force 
the  fluid  into  the  gas-bearing  stratum,  thus  sealing  the  stratum  with 
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mud  and  excluding  the  gas  from  the  bore.  The  pump  pressure 
should  be  maintained  for  several  hours  and  then  an  attempt  made 
to  force  more  fluid  into  the  well.  If  no  more  fluid  can  be  pumped 
in,  work  on  the  well  can  be  resumed. 

If  the  well  is  being  drilled,  great  care  should  be  taken  not  to 
make  too  much  hole  at  one  time,  as  it  easily  may  be  seen  that  by 
drilling  fast  the  bit  will  soon  enter  the  rock  into  which  the  mud  has 
not  entered,  especially  if  the  gas  rock  be  so  dense  that  the  mud- 
laden  fluid  can  not  be  forced  much  below  the  bottom  of  the  hole. 
By  forcing  in  mud  and  drilling  slowly  the  gas  can  be  excluded  from 
the  rock  ahead  of  the  bit,  so  that  no  gas  will  be  encountered. 

Great  care  stiould  be  taken  in  releasing  the  pump  pressure  from 
a  well  after  the  fluid  has  been  forced  in,  because  a  sudden  release 
of  pressure  may  cause  all  of  the  fluid  to  be  ejected,  undo  the  work 
that  has  been  done,  and  permit  the  well  to  blow  gas  again.  If 
subsequently  it  becomes  advisable  to  recover  the  gas  or  oil  excluded, 
this  can  be  accomplished  by  perforating  the  casing  opposite  the  clay 
plastered  beds  and  reducing  the  pressure  inside  the  well  or  by  bail- 
ing out  the  fluid  mud. 

Method  Used  in  Closing  the  Potrero  Del  Llano  Weir 

The  device  for  getting  the  great  well  under  control  was  planned 
by  F.  Laurie  and  applied  under  the  supervision  of  S.  Weaver  and 
F.  Laurie.  In  this  device  a  heavy  clamp  is  placed  immediately 
under  the  collar  of  the  8-inch  casing,  of  which  there  are  about  1700 
feet  in  this  well.  To  this  clamp,  on  opposite  sides  of  the  casing,  are 
fastened  2-inch  rods,  hinged  near  the  lower  ends.  The  upper  ends 
of  these  rods  pass  through  a  clamp  above  an  8-inch  T-joint  having 
two  gate  valves.  At  the  lower  end  of  the  T-joint  is  a  swedged 
bell  nipple,  8"  to  10".  By  means  of  guys  the  T-joint  on  its  hinged 
supporting  rods  was  swung  from  a  horizontal  to  a  vertical  position, 
bringing  the  bell  nipple  directly  over  the  end  of  the  8-inch  casing. 
The  supporting  rods  are  provided  with  threads  and  nuts  at  their 
upper  ends,  and  by  means  of  these  nuts  the  bell  nipple  was  forced 
down  over  the  end  of  the  casing.  An  8-inch  pipe  was  connected 
to  the  T  and  the  upper  valve  was  gradually  closed,  the  oil  being 
thus  forced  through  the  pipe  into  the  reservoir.  The  first  controll- 
ing device  had  been  tested  to  only  800  pounds,  for  it  was  not  con- 

'Described  by  David  T.  Day  in  Mineral  Resources,  U.  S.  1910. 
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sidered  safe  to  close  the  well  completely.  A  new  T-joint,  bell 
nipple,  and  valves,  tested  to  2000  pounds,  were  later  substituted 
and  the  well  was  completely  closed.  That  is  its  present  condition, 
except  for  a  small  leakage  about  the  valve  gaskets.  An  earthen 
reservoir  somewhat  over  60  acres  in  extent  was  quickly  and  ef- 
ficiently provided,  but  in  60  days  this  was  filled  with  3,000,000  bar- 
rels of  oil,  although  the  flow  was  checked  as  much  as  was  deemed 
safe. 


Fig.  81 — Tico  trap: 
a,  tank ;  b,  oil  inlets ; 
c,  gas  outlet;  d,  oil 
outlet;  e,  float;  f, 
stem  ;  g,  float  valve ; 
h,  valve  body ;  i, 
valve  stem  handle. 
Gas  trap   patented 


Fig.  82— Oilwell  high- 
pressure  trap :  a,  tank ;  b, 
oil  inlets ;  c,  gas  outlet ;  d, 
oil  outlet ;  e,  equalizing 
pipe;  {,  float;  g,  guide;  h, 
bracket  from  float  to  valve ; 
i,  lever  and  counterbalance ; 
j,  adjustment  for  travel  of 
float ;  k,  adjustment  for 
travel  of  valve  seat;  1,  feed 
to  float. 


GAS  TRAPS* 

Upright  cylindrical  traps  arc  often  equipped  with  an  outflow 
valve  which  operates  mechanically  and  controls  the  amount  of  oil 
within  the  trap.    Such  traps  are  of  two  general  forms,  those  actu- 


>By  W.  R.  Hamilton.     Technical  Paper  No.  209,  U.  S.  Bureau  of  Mines. 
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ated  by  an  inside  float  (a),  and  those  actuated  by  the  weight  of 
the  oil. 

The  Oilwell  low-pressure  trap  is  one  of  the  simpler  forms  of 
automatic  traps.  Four  openings  are  provided  in  the  top  for  the 
inlet  of  the  oil.  The  ball  float  controls  the  height  of  oil  in  the 
chamber.  This  trap  works  satisfactorily  on  wells  making  clean 
light  oil  and  has  been  used  with  gas  pressures  ranging  up  to  50 
pounds  per  square  inch. 


j-^ 


ti'fl  p  . 


Tig.  83. — Baker  trap:  a,  oil  inlet;  b,  oil 
outlet ;  c,  check  valve ;  d,  gas  outlet ;  e, 
wooden  float,  6  by  12  by  24  inches;  f, 
emergency  check  valve,  2  inches  in  diame- 
ter; g,  gage  glass;  h,  hand  hole;  i,  clean- 
out;  j,  valve  stem  supporting  float;  k, 
valve  stem  guide. 


Fig.  84— Washington  trap:  a,  oil  inlet;  b, 
oil  outlet;  c,  balanced  float  valve;  d,  gas  out- 
let ;  e,  emergency  float  valve ;  f ,  overflow ;  g, 
safety  valve;  h,  oil  tank.     Gas  trap  patented. 


The  Tico  trap  is  shown  in  Fig.  81.  The  oil  enters  through  the 
four  openings  (b),  and  is  deflected  against  the  sides  of  the  trap  to 
separate  the  gas  and  to  loosen  the  effect  of  turbulency  on  the  float. 
The  outlet  for  the  gas  is  at  (c).  The  oil  leaves  the  trap  through  the 
valve  (g),  which  the  float  (e)  opens  and  closes.  The  float  is  of  the 
open-bottom  type,  and  is  supported  on  an  openwork  spider  on  the 
stem  (f).  The  float  will  retain  its  shape  under  all  pressures,  as  the 
internal  and  external  pressures  are  the  same.  This  open  construc- 
tion cannot  be  used  under  a  high  vacuum,  but  the  valve  can  be 
used  with  any  gauge  pressure  from  zero  to  the  pressure  the  shell 
is  built  to  stand. 
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The  Oilwell  high-pressure  trap,  shown  in  Fig.  82,  is  one  of  the 
traps  most  generally  used.  This  trap  works  by  gravity.  An  upper 
and  a  lower  spring  pipe  *'e"  which  enter,  respectively,  the  top  and 
bottom  of  the  float,  connect  the  outside  float  "f"  with  the  interior  of 
the  tank  "a."    A  guide  "g"  which  keeps  the  float  in  proper  position 


Fig.     85 — Trap    described    by    A.     B. 

Thompson  :     a,  oil  inlet ;  b,  gas  outlet ; 

c.  oil  outlet, 
f 


Fig.  86 — Trumble  trap:  a, 
safety  valve ;  b>  gas  outlet ;  c, 
extra  strong  pipe ;  d,  oil  inlet ; 
e,  pressure  gage;  f,  expanding 
chamber;  g,  gage  glass;  h,  bal- 
anced float  valve;  i,  oil  outlet; 
j,  settling  chamber;  k,  waste 
discharge  for  sand  and  water; 
1,  nipple  welded  to   tank. 


at  all  times  holds  the  upper  pipe  in  place.  This  guide,  or  bracket, 
also  carries  the  counterpoise  lever  that  keeps  the  float  in  balance 
and  makes  its  operation  automatic.    The  trap  acts  as  follows : 

The  oil,  when  admitted  to  the  trap  through  the  top  openingsi  "b," 
rises  and  part  of  it  passes  through  the  lower  pipe  "e"  into  the  float 
"f."  When  enough  oil  has  entered  the  float  to  overcome  the  weight 
of  the  counterpoise  "i"  the  float  lowers  by  gravity  and  opens  the 
valve  that  is  connected  to  its  side  with  a  bracket  and  lock  nuts. 
The  opening  of  the  valve  permits  the  oil  to  discharge  through  "d" 
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until  lowered  to  a  point  where  the  counterpoise  weight  overcomes 
the  weight  of  oil  in  the  float.  The  float  then  rises  to  its  original 
position,  taking  with  it  the  valve,  which  is  thus  closed.  This  action 
is  intermittent  and  is  repeated  so  long  as  oil  is  permitted  to  enter  the 
top  of  the  trap.  The  trap  is  entirely  automatic  in  is  action,  requir- 
ing no  attention,  except  to  sec  that  the  counterpoise  weight  and  the 
valve  stem  are  properly  adjusted.  The  valve  control  is  independent 
of  pressure,  and  the  device  works  equally  well  under  vacuum  or 
high  pressure.  The  limit  of  pressures  and  capacities  depends  on 
the  strength  of  material  in  the  shell  of  the  trap.  This  trap  works 
satisfactorily  with  light  oils,  but  would  be  less  satisfactory  with  the 
more  viscous  oils,  as  the  oil  must  flow  rapidly  through  the  spring 
pipe  to  operate  the  valve  with  reasonable  promptness. 

The  Baker  trap,  shown  in  Fig.  83,  is  adatable  for  moderate  pres- 
sure or  a  high  vacuum.  The  oil  enters  the  trap  at  "a"  and  is  de- 
flected downward.  It  flows  unrestricted  through  the  outflow  pipe 
**b/'  The  height  "x"  of  the  trap  above  the  discharge  end  of  the 
pipe  "b"  must  be  sufficient  to  overcome  the  loss  of  head  due  to  a 
vacuum  in  the  trap.  To  prevent  the  suction  drawing  air  back 
through  the  oil  discharge  pipe,  a  horizontal  check  valve  "c"  is  in- 
serted in  the  line.  Gas  leaves  the  trap  at  "d."  To  prevent  oil  over- 
tlowing  the  trap  and  entering  the  gas  line,  in  event  of  an  unusual 
rush  of  oil  the  float  "e"  closes  the  valve  "f '  and  pressure  builds  up  in 
the  trap,  accelerating  the  escape  of  the  oil.  In  the  figure,  A  shows 
the  trap  in  plan  and  elevation,  B  shows  the  detail  of  the  check  valve 
and  float,  and  C  the  geenral  arrangement  of  the  trap  and  pipe  con- 
nections for  use  under  vacuum.  In  C,  1  represents  the  well,  2  the 
gas  trap,  and  3  the  tank. 

The  Washington  trap  is  shown  in  Figj  84.  This  trap  is  designed 
for  low  pressures.  The  oil,  which  enters  the  trap  at  "a"  is  dis- 
charged at  "b"  through  the  balanced  float  valve  "c."  The  gas  is 
drawn  off  at  "d."  If  an  unusual  rush  of  oil  overtaxes  the  discharge 
line,  the  float  valve  "e"  closes,  and  prevents  the  escape  of  oil  into 
the  gas  line.  Pressure  then  builds  up  within  the  trap  and  accel- 
erates the  discharge  of  oil.  The  safety  valve  prevents  the  pressure 
from  rising  excessively  high,  by  permitting  the  oil  to  discharge 
through  the  pipe  "f."  This  form  of  trap  works  well  for  moderate 
pressures  and  for  oil  free  from  sand  particles. 

In    Fig.    85    is    shown    a    trap    illustrated    and    described    by 
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Thompson.*  In  this  trap  the  large  inside  float  actuates  a  cock  on 
the  discharge  line  by  means  of  the  rocker  above.  This  trap  is  suit- 
able for  low  pressures  and  for  wells  producing*  light  oil  and  no  sand. 
A  gate  valve  in  place  of  the  cock  would  be  an  improvement. 

The  Trumble  trap,  shown  in  Fig.  86,  can  be  used  either  under  a 
vacuum  or  under  any  pressure  the  material  will  stand.  It  has  been 
used  chiefly  on  flowing  wells.  It  controls  the  flow  of  oil  from  the 
receiving  chamber  by  means  of  a  float  operating  through  a  stuffing' 
box  in  connection  with  a  balanced  valve  in  the  oil  line. 

The  oil  and  gas  are  conducted  downward  through  a  smaller  pipe 
inside  the  neck  of  the  shell.  The  oil  falls  to  the  bottom  and  the 
gas,  after  passing  up  through  the  oil,  rises  through  a  series  of  baffles 
and  enters  the  gas  discharge  line  through  a  perforated  pipe  sur- 
rounding the  oil  and  gas  inlet  line.  The  baffles  thoroughly  separate 
the  gas  and  oil.  At  the  request  of  the  manufacturers,  the  details  of 
construction  of  these  baffles  are  not  shown. 

In  this  trap  the  sand  and  water  are  periodically  drawn  oflf  at  the 
bottom,  the  oil  flows  off  at  the  side  through  an  automatic  discharge 
valve,  and  the  gas,  after  passing  through  the  oil,  escapes  at  the  top. 
This  arrangement  presents  a  satisfactor}'^  combination  for  a  well 
that  is  not  making  large  quantities  of  sand  and  thus  does  not  need 
to  have  the  sand  pocket  frequently  emptied. 

Horizontal  tubular  traps.  —  Two  types  of  horizontal  tubular 
traps  are  rather  commonly  used  in  California  on  gusher  wells.  Such 
traps  can  be  quickly  and  easily  made  of  material  usually  available 
about  oil  wells,  and  are  convenient  to  instil,  especially  in  an  emerg- 
ency. However,  as  a  large  proportion  of  the  cost  of  installation  is 
labor,  which  has  no  salvage  value,  they  are  used  only  on  large 
flowing  wells. 

The  Starke'  trap^  shown  in  Fig.  87,  is  made  from  pipe  and  fittings 
used  in  the  oil  fields,  and  can  be  assembled  by  the  field  force.  As 
this  trap  has  no  large  diameters  or  flat  or  conical  surfaces,  it  is  par- 
ticularly adapted  to  high  pressures.  It  is  made  of  six  to  eight  joints 
of  pipe  of  relatively  large  size.  At  intervals  of  about  four  feet,  1-inch 
risers  are  tapped  into  the  top  of  the  large  pipe.  These  risers  are 
shaped  like  an  inverted  U  bend  and  are  connected  with  the  top  of  a 


^Thompson,  A.  B.,  Oil  field  development,  1916,  570-71. 

*News  items,  Conservation  of  oil  and  gas  in  California,  California  Derrick,  Vol.  7,  Sept. 
10,  1914,  pp.  7-8.  Burrell,  G.  A.,  Seibert,  F.  M.,  and  Oberfell,  G.  G.,  The  condensation  of 
gasoline  from  natural  gas:  Bull.  88,  Bureau  of  Mines.   1915,  p.  99. 
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second  horizontal  pipe  several  sizes  smaller,  8  to  10  inches  in  diam- 
eter, and  each  riser  is  fitted  with  ^  valve  or  stopcock.  This  second 
horizontal  pipe  is  again  connected  at  one  end  to  a  larger  pipe  also 
lying  level,  that  acts  as  a  reservoir  or  receiver,  and  gives  off  the  gas 
through  a  riser  of  suitable  size. 

The  oil  or  gas  flowing  together  enter  the  large  pipe  or  separating 
chamber  through  the  flow  line  from  the  well.  The  first  joint  of  the 
large  pipe  is  not  tapped  with  risers,  acting  more  strictly  as  a  sepa- 
rating chamber.  As  the  mixture  of  oil  and  gas  enters  this  pipe,  the 
oil  settles  to  the  bottom  and  the  gas  is  carried  along  the  top  and  out 


Fig.  87. — Surke  trap:     1,  2,  3,  4,  4-inch  gate  valves;  5  to  11  1-inch  risers; 

12,  2-inch  blow-off;   13,  outlet  to  gas  main;   14,   10-inch  casing;   15,  6^-inch 

casing;   16,   IS^-inch  casing;   17,   18,  2-inch  gate  valves;   19,  pressure  gage; 

20,  gage  glass;  21,  stopcock  to  regulate  oil  flow;  22,  1-inch  by-pass;  23,  oil 

outlet;  24,  x>xl  inlet;  25,  6-inch  gate  valve.     Gas  trap  patented. 

through  the  risers  to  the  second  horizontal  pipe.  Enough  of  these 
risers  are  used  so  that  their  aggregate  cross  section  considerably  ex- 
ceeds the  area  of  the  flow  line  from  the  well.  The  oil  and  the  gas 
separate  and  become  quiet,  thus  there  is  no  tendency  to  carry  oil 
over  with  the  gas  through  the  risers  from  an  effect  similar  to  "prim- 
ing" in  a  boiler.  The  oil  that  collects  in  the  bottom  of  the  large 
pipe  is  run  off  through  a  stopcock  at  the  end  opposite  the  one 
through  which  it  enters.  The  level  of  the  oil  in  this  pipe  is  indicated 
by  a  gage  glass  and,  even  when  a  well  is  flowing  large  quantities  of 
oil,  remains  quiet  with  only  a  slight  pulsating  effect,  showing  that 
agitation  of  the  oil  and  gas  has  ceased.  The  stopcock  is  set  to  de- 
liver approximately  the  same  quantity  of  oil  that  the  well  is  pro- 
ducing. 
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A  pocket  for  collecting  sand  can  be  inserted  in  the  trap,  prefer- 
ably near  the  point  where  the  oil  is  taken  off,  and  can  be  so  ar- 
ranged that  the  sand  may  be  removed  at  convenience  or  when  the 
pocket  is  filled. 

In  installing  the  Starke  trap  on  wells  equipped  with  reducing 
nipples  the  more  recent  practice  is  to  do  away  with  the  nipple  at 
the  mouth  of  the  well,  so  that  the  full  backed-up  pressure  of  the 
well  is  on  the  trap,  and  have  the  flow  nipple,  with  its  restricted 
opening,  beyond  the  trap.    Under  these  conditions  the  oil  and  gas 
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Fig.  88. — Bell  trap:     1,  4-inch  inlet  from  well;  2,  4-inch  gate  valve,  extra 

heavy ;   3,  4-inch  plug ;   4,  by-pass  to  sump ;   5,  6-inch  butterfly  valve ;   6,  oil 

outlet  to  tank;  7,  1-inch  equaliser;  8,  4-inch  pressure  valve;  9,  outlet  to  gas 

main;  10,  safety  valve;  11,  stuffing  box;  12,  float,  10  inches  in  diameter  and 

24  inches  long;  13,  12^-inch  casing;  14,  %  by  2-inch  bar. 


can  be  separated  under  pressure  as  high  as  500  pounds,  or  as  high 
as  may  be  desired,  as  the  control  is  on  the  discharge  side  of  the 
trap  away  from  the  well,  and  there  is  no  throttling  between  the  well 
and  the  trap. 

The  pressure  under  which  the  Starke  trap  can  be  used  is  only 
limited  by  the  bursting  strength  of  the  largest  size  of  pipe,  and  by 
the  strength  of  the  fittings  used.  As  15j/^-inch  screw  pipe  that  will 
stand  a  pressure  of  800  to  1,000  pounds  per  square  inch  and  fittings 
tested  to  1,500  pounds  are  commonly  on  hand,  the  limit  of  pressure 
on  the  trap  is  determined  by  the  well  rather  than  by  the  strength  of 
the  trap.  In  wells  of  the  gusher  variety  as  originally  brought  in 
both  in  the  Midway  and  the  Coyote  Hills  districts  of  southern  Cali- 
fornia, 400  or  500  pound  pressure  upon  the  well  was  frequently  nec- 
essary.   By  placing  the  trap  in  direct  connection  with  the  well,  that 
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is,  without  any  intervening  pressure-controlling  valve,  a  gas  free  of 
oil  particles  or  unabsorbed  gasoline  is  delivered  at  the  backed-up 
-well  pressure  and  is  therefore  ready  to  be  introduced  without  com- 
pression into  a  high-pressure  transportation  system. 

This  trap  has  no  automatic  control,  but  as  it  is  only  used  on 
-wells  of  unusually  large  production  a  man  should  be  in  constant 
iit  ten  dance. 

In  the  Bell  trap,  which  is  shown  in  Fig.  88,  the  mixture  of  oil 
5ind  gas  from  the  well  enters  the  trap  proper  through  a  flow  nipple 
for  restricting  the  free  flow 
from  the  well.  Through  this 
nipple  the  oil  and  gas  pass  into 
a  6-inch  pipe,  about  175  feet 
long,  of  which  the  end  is  per- 
forated for  about  70  feet.  Six- 
inch  perforated  pipe,  the  same 
as  that  used  on  California  wells, 
is  used  for  this  purpose.  This 
6-inch  pipe  is  within  a  pipe  of 
larger  size,  about  12;-^  inches 
in  diameter  and  240  feet  long, 
and  the  two  are  connected  by 
means  of  a  4  by  6  inch  heavy 
steel  bushing  and  swage  nip- 
ple. A  tee  with  a  suitable  size 
outlet  is  connected  in  the  outer 
line  at  the  oil  inlet  end  to  carry 
off  the  gas. 

The  12^-inch  pipe  is  laid 
1  a  gradient  ranging  from  not 

10.  ■«  outlet;  1  i.^^oii^ initi.  Ga.  inp  35  g  or  10  per  Cent,  With  the 
inlet  end  highest.  At  the  lower 
end  of  the  ISJ/j-inch  pipe  is  a  6-inch  swage  nipple,  to  which  a  riser 
enlarged  to  18  inches  is  connected.  In  this  riser  is  a  wooden  float, 
connected  through  a  rod  and  stuffing  box  to  a  butterfly  valve,  which 
controls  the  flow  of  oil  from  the  trap,  thus  making  it  automatic. 
The  float  is  so  situated  as  to  maintain  the  oil  level  in  the  inclined 
pipe    at   such   a   height    that    the    end    of   the    perforated    6-inch 


252 


PETROLEUM  PRODUCTION  METHODS 


pipe,  within  the  12J^-inch  pipe,  is  submerged  about  20  feet  of  its 
length. 

The  mixture  of  oil  and  gas  enters  the  12j4-inch  pipe  or  receiving 
chamber  through  the  flow  nipple  and  C-inch  pipe.  A  large  part  of 
the  gas  and  some  of  the  oil  leave  the  6-inch  pipe  through  the  per- 
forations ;  the  balance  passes  out  at  the  end.    The  oil  settles  in  the 


rods;  u,  old  yi- 


f  piimtd. 


IS-inch  pipe.  The  float  and  butterfly  valve  control  its  level  and 
regulate  its  flow.  As  the  gas  rises  through  and  above  the  oil,  its 
direction  of  flow  is  reversed  and  it  passes  out  at  the  intake  end  of 
the  12^-inch  pipe  through  the  side  opening  of  the  tee  mentioned. 

The  Bell  trap  has  been  used  on  wells  producing  several  thousand 
barrels  of  oil  and  many  million  cubic  feet  of  gas  a  day.    The  butter- 
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fly  valve  does  not  shut  off  the  flow  entirely,  as  there  is  enough 
clearance  around  the  valve  to  prevent  any  danger  of  its  sticking 
from  sand  that  may  lodge  about  it.  As  a  consequence  this  trap  has 
satisfactorily  handled  oils  that  carry  much  sand  in  suspension. 

Scharpenberg  trap. — The  Scharpenberg  trap  (Fig.  89)  is  an  in- 
genious use  of  the  principle  employed  in  the  construction  of  gas 

holders.    The  trap  holds  a  con- 
\/i^r  -B=i  9'  4/j      stant  pressure  on  the  well  and 

on  the  gas  line.  The  annular 
tank  1  has  two  shells  that  form 
a  water  seal  between  them.  A 
second  circular  tank  2  moves 
vertically  between  the  two 
shells  1.  A  deflector  in  the  oil- 
inlet  pipe  3  throws  the  oil 
downward.  The  oil  outlet  4  is 
through  an  oil  seal,  the  upper 
end  of  which  is  open  to  the 
atmosphere  to  prevent  syphon- 
ing. The  gas-outlet  pipe  5  is 
in  the  center  of  the  tank  1  and 
extends  slightly  higher  than 
the  top  of  the  tank.  A  layer  of 
excelsior  9,  supported  upon 
wire  screens,  separates  any  fine 
particles  of  oil  which  might  be 
carried  in  suspension  by  the 
gas. 
When  gas  is  being  taken  from  the  trap  faster  than  it  is  produced 
by  the  wells,  plate  6  seats  itself  upon  top  of  pipe  5,  closes  it,  and 
prevents  a  vacuum  in  the  trap  which  might  draw  air  through  the  oil 
and  water  seals.  When  gas  is  produced  faster  than  it  is  taken  away, 
the  relief  valve  8  prevents  the  blowing  out  of  the  oil  and  water  seals 
when  the  floating  tank  has  reached  its  upper  limit  of  travel.  This 
trap  has  been  built  about  ten  feet  in  diameter  and  the  tanks  about 
ten  feet  in  height,  and  is  best  adapted  for  pressures  of  from  one 
ounce  to  one  pound  per  square  inch.  Besides  the  advantage  of 
maintaining  a  constant  pressure  on  the  well  and  gas  delivery  line, 
the  trap  can  be  used  conveniently  for  measuring  gas. 


Fig.  91.  —  McLaughlin  high-pressure 
trap:  a,  gas  outlet,  made  of  4-inch  hose; 
b,  baffles ;  c,  oil  and  gas  inlet,  4-inch  hose ; 
e  yoil  outlet,  3-inch  pipe ;  f,  counterweight, 
«qnal  to  weight  of  empty  trap,  is  filled 
with  old   iron.      Gas  trap  patented. 
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McLaughlin  Low  Pressure  Trap. — The  McLaughlin*  low  pres- 
sure trap,  shown  in  Fig.  90,  is  a  cyHnderical  shell,  supported  by  a 
framework  or  by  springs  in  such  a  way  that  the  weight  of  the  shell 
is  balanced.  The  automatic  action  depends  upon  the  movement 
up  and  down  of  the  entire  shell  and  its  contents.  The  inlet  pipe 
enters  the  bottom  of  the  trap  and  is  stationary ;  to  this  pipe  is  at- 
tached the  annular  ring,  forming  the  discharge  valve.  The  line  for 
carrying  off  the  dry  gas  is  connected  to  the  top  of  the  shell,  prefer- 
ably by  a  flexible  connection,  to  permit  free  vertical  movement  of 
the  trap. 

At  the  bottom  of  the  shell  is  an  annular  valve  which  is  opened 
and  closed  by  the  vertical  movement  of  the  shell.  The  oil,  gas  and 
sand  enter  the  trap  through  the  line  "h"  from  the  well.  On  this  line- 
is  fitted  a  cast-iron  valve  "a."  This  valve  engages  a  cast-iron  seat 
"b,"  which  forms  a  part  of  the  trap  shell  "c."  The  inlet  pipaand  the 
valve  "a"  are  stationary,  but  the  trap  shell  "c"  and  the  valve  seat 
b"  move  up  and  down  to  close  and  open  the  valve.  The  trap  shell 
c"  is  suspended  on  one  end  of  the  beam  "d,"  and  the  counterweight 
**e"  is  suspended  from  the  opposite  end  of  the  beam.  After  the 
length  of  the  beam  arms  have  been  established,  the  weight  of 
counterbalance  needed  is  found  by  trial.  The  oil,  gas,  and  sand  flow 
into  the  trap  through  the  vertical  pipe  "n"  and  are  deflected  down- 
ward by  the  deflector  on  the  upper  end  of  this  pipe.  While  this 
trap  is  empty,  or  the  counterweight  is  heavier  than  the  contents  of 
the  trap,  the  counterweight  keeps  the  valve  seat  "b''  on  the  valve 
"a.''  As  soon  as  enough  oil  and  sand,  if  sand  is  present,  has  been 
admitted  to  the  trap  to  overbalance  the  counterweight,  the  shell 
moves  downward.  This  opens  the  valve  and  allows  the  oil  and 
sand  to  discharge  into  the  wooden  trough  until  the  counterweight 
again  overbalances  the  weight  of  the  shell  and  its  contents  and 
closes  the  valve.  The  position  of  the  entire  unit  may  be  so  main- 
tained that  the  oil  will  flow  constantly  and  almost  uniformly  from 
the  trap,  and  the  discharge  valve  will  open  only  enough  to  allow  the 
passage  through  it  of  the  amount  of  oil  produced. 

The  gas  separates  from  the  oil  in  the  shell,  rises  through  baffles, 
and  passes  out  from  the  trap  through  the  top  connection  into  the 


^For  descriptions  of  McLaughlin  trao,  see  Paine,  P.  M.,  and  Stroud,  B.  K.,  Oil  produc- 
tion methods,  1913,  pp.  171-172;  Oil  Age.  Saving  the  gas.  Vol.  9,  Mar.  27,  1914,  pp.  5-6; 
Beckley,  R.  £.,  Theory  of  action  of  McLcughlin  automatic  gas  trap,  Bessemer  Monthly, 
October,  1914;  Dykcma,  W.  P.,  The  recovery  of  natural  gas  by  refrigeration  and  compres- 
sion. Bull.  151,  Bureau  of  Mines,  1918,  p.  23. 
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pipe  line.  As  the  oil  flows  from  the  trap  quietly  and  without  the 
churning  that  takes  place  when  oil  highly  charged  with  gas  flows 
freely  from  a  well,  much  of  the  lighter  constituents  or  vapors  is 
held  in  the  oil  that  would  otherwise  be  lost. 

The  action  of  the  trap  is  positive,  as  the  operation  of  the  valve 
that  controls  the  flow  depends  upon  the  weight  of  a  considerable 
<|uantity  of  oil.  This  valve  is  placed  at  the  bottom  of  the  receiving 
cylinder  and  allows  any  sand  or  water  coming  from  the  well  to  pass 
out  with  the  oil.  The  oil  after  leaving  the  trap  is  passed  through 
boxes  to  collect  the  sand,  which  is  drawn  off  or  shoveled  away  as  it 
accumulates.  Any  water  present  is  drawn  off  from  the  storage  tank. 
The  McLaughlin  trap  can  handle  large  quantities  of  sand.  The 
valves  are  the  only  parts  that  are  worn  by  the  sand  and  are  easily 
replaced. 

When  this  trap  is  placed  under  vacuum,  the  attachment  shown 
in  Fig.  90-A  is  added.  The  length,  L,  of  this  attachment  depends 
upon  the  vacuum,  measured  in  inches  of  mercury,  that  is  to  be 
maintained  on  the  trap. 

Fig.  91  shows  the  McLaughlin  high  pressure  trap.  The  action 
is  the  same  as  that  of  the  low  pressure  type  except  that  the  oil  enters 
iit  the  side  of  the  trap  through  a  hose.  This  discharge  valve  does 
not  connect  with  the  inlet  pipe,  but  opens  when  the  trap  descends ; 
the  valve  stem  protrudes  below  the  trap  and  comes  in  contact  with 
a  seat  provided  for  the  purpose.  The  oil  discharges  into  a  pipe  line 
when  the  well  makes  no  sand.  In  the  latest  installations  the  beam 
and  counterbalance  are  done  away  with ;  springs  support  the  trap. 
The  tension  of  the  springs  is  adjusted  so  that  the  oil  is  kept  at  the 
proper  height  in  the  trap. 


Gas  Trap  Used  In  Mid-Continent 

The  Smith  Separator  as  sold  by  Chestnut  and  Smith  and  as  il- 
lustrated in  Fig.  92,  is  sold  complete  ready  to  be  connected.  Two 
or  three  men  can  easily  connect  one  up  in  two  days*  time.  A  5x16- 
foot  separator  will  take  care  of  a  w^ell  making  as  high  as  5000  to 
(5000  barrels  of  oil  and  10,000,000  to  15,000,000  cubic  feet  of  gas  per 
day,  a  perfect  separation  of  oil  and  gas  being  made.  They  are  de- 
signed to  withstand  a  hydrostatic  pressure  of  80  pounds  per  square 
inch.    The  regulators  on  this  tank  regulate  absolutely  the  level  of 
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FIG.  92.~THB  SMITH  SEPARATOR. 


For  separating  oil  and  gas  from  flowing  wells.  A  separator  as  illustrated  will  handle  500O 
to  6000  barrels  of  oil  per  day  and  10,000,000  to  15,000,00  cubic  feet  of  gas.  This  type  of 
separator  complies   with   Rule  No.   21    of  the   Texas    Ilailroad   Commission   relative   to  the 

conservation  of  oil  and  gas. 
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the  oil  in  the  separator  no  matter  whether  the  well  is  flowing  by 
heads  or  steadily.  When  the  fluid  reaches  this  certain  level  the  reg- 
ulator opens  a  valve  and  the  gas  pressure  forces  the  oil  to  the  stor- 
ag^e  tanks. 

SWABBING 

In  some  fields  the  crude  produced  is  heavily  laden  with  hydro- 
carbons and  precipitates  paraffine  wax  to  the  extent  that  it  is  not 
economical  to  pump  the  wells.  In  some  cases  it  is  impossible  to 
pump  them  successfully.  The  deposition  of  parrafine  is  so  rapid 
that  it  would  be  necessary  to  constantly  clean  the  wells  and  pump 
equipment.    Under  these  conditions  the  wells  are  swabbed. 

The  swabs  are  of  the  proper  diameter  to  fit  the  casing  used  and 
are  run  in  the  hole  on  a  steel  line.  The  packing  consists  of  one  or 
more  rubber  rings  which  can  be  replaced  when  worn.  They  are 
fitted  with  a  ball  valve  to  permit  being  lowered  into  the  fluid.  The 
swab  is  usually  run  with  a  sinker  bar,  the  string  of  tools  then  con- 
sisting of  the  wire  line  socket,  the  sinker  bar  and  the  swab. 

A  good  mechanical  plant  for  swabbing  consists  of  one  or  two 
14j4xl9-inch  steam  engines  directly  connected  to  a  hoist.  The  drum 
is  fitted  with  a  signal  device  which  designates  the  location  of  the 
swab  in  the  hole  while  being  lowered  or  pulled.  A  bell  is  rung 
when  the  swab  nears  the  top  of  the  hole.  Since  the  swab  can  be 
and  usually  is  pulled  at  the  rate  of  2000  feet  per  minute  this  device 
IS  necessary  as  well  as  the  high  powered  brakes  which  are  attached 
to  the  drum.  Obviously  the  danger  is  in  running  the  swab  through 
the  crown  block  or  in  losing  the  swab  in  the  hole  and  overwinding 
the  wire  line.  The  mechanical  problems  connected  with  swabbing 
are  essentially  those  of  hoisting. 

The  question  of  submersion  is  one  to  be  decided  by  trial  as  each 
"well  will  develop  individual  charactertistics  which  can  not  be  fore- 
seen. The  same  applies  to  the  number  of  runs  necessary  to  obtain 
the  maximum  production. 

Swabbing  plants  are  not  mechanically  efficient  and  will  not  or- 
dinarily run  over  20  per  cent  but  in  the  Galician  fields  where  the 
swabbing  process  has  been  developed  and  to  which  fields  its  use 
for  the  purpose  of  production  is  practically  confined,  wells  3000  to 
4000  feet  in  depth  and  standing  from  200  to  300  feet  in  fluid  have 
been  profitable  on  a  production  of  25  to  50  barrels. 
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Wells  in  other  fields  are  often  swabbed  for  the  purpose  of  agi- 
tation and  where  this  is  the  case  no  other  equipment  than  that  used 
in  drilling  the  well  is  necessary,  excepting  the  swab  and  a  supply 
of  extra  rubbers.  The  swab  is  commonly  run  in  the  hole  on  the 
drilling  line  from  the  bull  wheels  using  only  rope  socket  and  jars 
above.  However,  it  is  sometimes  run  from  the  sand  line  either  with 
or  without  a  sinker  bar. 

In  the  Burkbumett  field  of  North  Texas  swabbing  has  been 
developed  to  a  fine  art  and  is  probably  in  continuous  use  on  more 
wells  there  than  in  any  other  field  in  the  United  States.  It  has  beea 
found  that  more  production  could  be  recovered  in  this  manner  than 
by  using  any  other  method.  The  standard  charge  for  swabbing 
made  by  the  companies  who  make  a  specialty  of  this  business  and 
who  furnishes  their  own  equipment  is  one  hundred  fifty  dollars  per 
day,  (1919). 

THE  AIR  LIFT  FOR  PUMPING  OIL  WELLS 

By  JOSEPH  A.  TBNNANT 

It  is  believed  that  the  first  application  of  compressed  air  to  oil 
w«ll  pumping  was  made  in  the  Baku  oil  fields  of  Russia  in  1899. 
These  early  experiments  were  carried  out  under  unfavorable  con- 
ditions, but  nevertheless  were  eflfective  enough  to  increase  the  yield 
of  the  first  well  tested  from  60  barrels  to  300  barrels  per  day,  while 
the  daily  fuel  consumption  did  not  exceed  11.5  barrels  of  oil.  The 
result  of  these  experiments  was  so  satisfactory  that  the  great  Baku 
oil  fields  have  since  been  almost  entirely  pumped  by  compressed  air. 
When  the  Texas  and  Louisiana  Coastal  pools  were  opened  up  two 
years  or  so  later,  the  method  of  pumping  oil  wells  by  compressed  air 
was  introduced  immediately.  Large  air  compressor  plants  were  in- 
stalled at  Evangeline  and  Humble  and  many  millions  of  barrels  of 
oil  were  produced  by  the  air  lift,  which  thereupon  became  one  of  the 
principal  production-increasing  factors  in  the  oil  industry. 

Accumulation  of  data  regarding  the  most  efficient  piping  meth- 
ods, pumping  pressure,  and  limiting  well  capacities  have  at  this» 
date  about  standardized  the  air  lift  system  of  pumping,  and  have 
enabled  the  manufacturers  to  produce  a  highly  standardized  line  of 
equipment  to  meet  the  needs  of  the  field  for  this  service.  The  lim- 
itations and  advantages  of  the  air  lift  system  of  pumping  have  be- 
come well  defined  by  time  and  usage,  the  mystery  which  formerly 
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enshrouded  its  operation  has  been  largely  dissipated,  and  its  use 
and  application  now  are  based  on  a  combination  of  the  best  engi- 
neering skill  with  long  practical  experience. 

Air  lift — Theory  and  calculation. — The  depth  at  which  the  fluid 
in  a  well  stands  below  the  level  of  the  ground  depends  upon  two 
factors,  the  weight  of  the  column  of  fluid  in  the  well,  and  the  pres- 
sure of  the  fluid  (and  gas)  in  the  sand  at  the  bottom  of  the  well 
tending  to  overcome  this  weight.     If  the  pressure  of  the  fluid  (or 
gas)  is  sufficient  to  overcome  the  weight  of  the  column  of  fluid  in 
the  well,  the  well  will  flow.     If  the  pressure  is  insufficient  to  cause 
the  well  to  flow,  a  flow  may  be  induced  either  by  increasing  the 
pressure  in  the  sand,  or  decreasing  the  weight  of  the  column  of  the 
fluid  in  the  well.    This  latter  action  is  exactly  that  of  the  air  lift,  un- 
der which  system  air  is  admitted  to  and  intimately  mixed  with  the 
column  of  fluid  in  the  well,  and,  this  mixture 
of  air  and  fluid  being  lighter  than  the  column 
of  fluid  alone  enables  the  pressure  of  fluid  in 
the  well  to  discharge  the  mixture  of  air  and 
fluid  above  the  surface  of  the  ground. 

The  action  ofthe  air  lift  is  shown  diagram- 
atically  in  Fig.  93  to  which  the  following  defi- 
nitions apply. 

Static  head  is  the  distance  from  the  surface 
of  the  ground  to  the  standing  fluid  level  in  the 
well,  when  not  being  pumped. 

Drop  is  the  distance  the  fluid  recedes  when 
the  well  is  delivering  a  definite  quantity  of 
fluid. 

Lift  consists  of  Static  Head  plus  the  Drop.  ■*"'""  "'  *'''"* 

Submergence  is  the  depth  that  the  air  pipe  is  submerged  below 
the  pumping  level  of  the  fluid  in  the  well.  Starting  submergence, 
which  is  temporary,  affects  only  the  starting  air  pressure,  which  the 
running  submerg'jnce  bears  directly  on  the  output  and  efficiency  of 
the  air  lift  installation.  Submergence  is  usually  expressed  as  a 
percentage  of  the  total  leiigth  of  fluid  column  from  the  point  where 
the  air  is  introduced  to  the  point  of  discharge.  Thus  fifty  per  cent 
submergence  means  that  the  total  lift  and  the  submergence  arr 
equal.  The  necessary  percentage  submergence  varies  with  the  lift. 
As  the  lift  increases  the  necessary  submergence  decreases. 
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In  water  well  pumping  the  following  will  give  in  a  general  way 
the  range  of  most  efficient  submergences. 

For  a  lift  of  20  feet,  65  per  cent. 

For  a  lift  of  750  feet,  35  per  cent. 

A^ctual.  submergence  in  feet  in  the  above  cases  would  be  37  feet 
for  the  20-foot  lift  and  404  feet  for  the  750-foot  lift. 

The  data  collected  in  the  oil  fields  applies  only  to  local  conditions 
and  the  results  at  first  hand  appear  dissimilar  to  the  general  state- 
ment above  regarding  lift  and  submergence.  This  can  be  account- 
ed for  in  most  instances  by  the  presence  in  oil  wells  of  varying  vol- 
umes of  gas  under  considerable  pressure,  while  the  varying  densi- 
ties of  the  oil  and  water  mixtures  must,  also,  be  recognized  as  modi- 
fying any  general  rule. 

The  gas  accompanying  the  oil  considerably  modifies  the  action 
of  an  air  lift,  both  by  diminishing  the  theoretical  air  pressure  re- 
quired and  by  assisting  in  the  aeration.  If  a  packer  is  set  in  the 
well  in  order  to  compel  all  the  gas  to  pass  with  the  oil  up  the  dis- 
charge line,  the  amount  of  air  required  to  sustain  a  given  discharge 
will  often  be  reduced. 

Compressor  capacity. — For  pumping  water  wells  with  lifts  up 
to  500  feet,  to  calculate  the  volume  of  air  required,  the  following 
formula,  which  is  partly  due  to  Mr.  Edward  A.  Rix,  A.  S.  E.,  is 

used- 

h 

VA  -  0.8 

C  log  H  -h  34 

34 

VA  equals  actual  delivered  air  required  per  gallon  of  water 
{actual  delivered  air  equals  compressor  piston  displacement  at 
rated  speed  times  volumetric  efficiency). 

h — ^Total  lift  in  feet. 

H — Running  submergence  in  feet. 

C — Constant  as  given  in  table. 

Following  table  shows  the  value  of  "C"  for  different  lifts  as 
used  by  the  Air  Lift  Engineering  Department  of  the  Ingersoll- 
Rand  Company. 

Lift  in  feet  (h)  Constant 

10  feet  to     60  feet  inclusive 245 

61   feet  to  200  feet  inclusive 233 

201  feet  to  200  feet  inclusive 216 

'  501  feet  to  650  feet  inclusive ..185 

651  feet  to  750  feet  inclusive * 156 
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For  oil  well  pumping  so  many  variable  factors  enter  that 
it  is  usually  useless  to  attempt  to  apply  the  above  formula.  Test 
data  mjist  be  kept  of  the  air  lift  pumping  installations  in  each  field 
and  a  careful  engineering  study  made  of  them  to  determine  the 
proper  compressor  pressure  and  capacities  for  that  individual  field. 

In  the  Kern  River  Field  in  California,  a  typical  installation  re- 
quires 1.5  cubic  feet  of  free  air  per  gallon  of  fluid  delivered. 

In  West  Columbia  field  in  Texas,  one  producing  company  with 
ten  wells  operated  by  the  air  lift  system  is  requiring  but  1.0  cubic 
feet  of  free  air  per  gallon  of  fluid  delivered. 

Since  in  the  production  of  oil  it  is  necessary  always  to  secure 
the  utmost  possible  output  from  each  well,  air  lift  installations  are 
usually  made  with  a  view  of  taking  from  the  well  all  of  the  fluid 
that  it  can  safely  deliver  per  twenty-four-hour  period.  Since  the 
well  casing  in  any  one  particular  field  is  in  usual  practice  limited 
to  two  or  three  sizes,  each  having  a  fairly  definite  fluid  capacity, 
it  is  customary  to  limit  air  compressor  sizes  to  one  or  at  most  two, 
in  order  to  simplify  machinery  installations,  and  to  enable  the  op- 
erator to  use  standardized  air  compressor  units. 

Calculation  of  pressure — For  water  pumping  the  following  cal- 
culation determines  the  starting  and  working  air  pressure. 

Starting  pressure  equals  depth  of  air  line  in  well  less  the  static 
head  x  0.434. 

Working  pressure  equals  depth  of  air  line  in  well  less  the  pump- 
ing head  x  0.434,  plus  pounds  friction  head  lost  in  air  pipes. 

The  factor  of  0.434  used  above  is  the  pressure  in  pounds  per 
square  inch  exerted  by  a  column  of  water  one  foot  high.-  With  an 
oil  and  water  mixture,  this  factor  should  be  multiplied  by  the  spe- 
cific gravity  of  the  mixture. 

Field  of  application  in  oil  production. — Where  sufficient  sub- 
mergence is  available,  the  air  lift  can  be  applied  to  any  well,  but  its 
application  is  in  practice  usually  limited  to  the  following  cases : 

(a)  Where  the  ojl  capacity  of  the  well  is  greater  than  can  be 
handled  by  the  standard  rig  pump. 

(b)  Where  water  is  mixed  wath  the  oil  to  such  an  extent  that 
very  large  quantities  of  fluid  must  be  handled  to  secure  a  profitable 
yield  of  oil. 

(c)  Where   an    underground    migration   of  water   towards   a 
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certain  well  or  set  of  wells  can  be  established,  so  that  practically 
all  of  the  water  in  the  field  can  be  handled  through  these  wells  bj 
means  of  the  air  lift,  leaving  the  other  wells  to  handle  pure  oil. 
Methods  of  piping. — Figure  M  shows  four  of  the  usual  methods 

of  piping  wells  for  air  lift  pumping. 


! 


Fig.  94.— Melfaods  of  piping  wells 

Figure  94-a  shows  the  original  Pohle  lift  in  which  the  air  and 
water  pipes  are  placed  along  side  of  each  other,  the  air  pipe  being  led 
into  the  water  pipe  at  the  bottom  of  the  well.  This  system  is  now 
in  disuse,  having  been  largely  succeeded  for  water  wells  by  the 
system  illustrated  in  Fig.  94-b,  which  differs  from  the  above  only 
in  the  use  of  an  anular  foot  piece  for  connecting  the  air  and  water 
pipe  at  the  point  of  air  entry. 

Figure  94-c  shows  a  method  which  is  used  both  for  water  and 
oil  wells  and  is  known  as  the  Saunders  System.  Air  is  admitted 
between  the  well  casing  and  the  discharge  tube,  being  confined  by 
a  tight  casing  head  at  the  top  of  the  well.    The  fluid  is  discharged 
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through  the  central  tube.  This  system  has  the  advantage  of  utiliz- 
ing all  the  gas  pressure  available  in  the  well. 

Figure  94-d  shows  the  central  air  pipe  system  which  is  used  to 
obtain  the  greatest  possible  output  for  a  given  size  of  well  casing. 
The  air  pipe  is  suspended  directly  inside  the  casing.  The  air 
passes  down  the  central  pipe,  the  fluid  and  air  discharging  between 
the  air  pipe  and  well  casing. 

The  central  air  pipe  system  is  in  universal  use  in  the  oil  fields 
but  caution  should  be  observed  in  using  this  system,  since  if  sand 
in  any  considerable  quantity  is  present  in  the  well,  the  cutting  ac- 
tion of  same  at  the  high  velocity  of  discharge  will  quickly  ruin  the 
casing.  It  is  often  advisable,  therefore,  in  oil  field  practice  to  sus- 
pend a  discharge  pipe  in  the  well  and  to  suspend  the  air  line  inside 
the  discharge  pipe.  This  gives  a  central  pipe  system  with  the  dis- 
charge between  the  air  line  and  the  discharge  pipe  and  is,  there- 
fore, without  erosive  action  on  the  casing. 

It  has  not  so  far  been  found  advisable  to  use  any  of  the  so-called 
patented  foot  pieces  in  the  pumping  of  oil  wells  where  the  lift  is 
very  high. 

OPERATION   DATA 

General  practice  as  regards  the  piping  of  oil  wells  for  pumping 
by  compressed  air  consists  almost  entirely  of  the  cut  and  try 
method,  and  is  based  on  data  obtained  from  other  wells  being 
pumped  by  air  in  the  same  field. 

In  the  West  Columbia  fields,  Texas,  the  usual  central  pipe  in- 
stallation consist  of  1600  feet  to  2400  feet  of  2-inch  tubing  inside  of 
a  6-inch  casing.  Where  the  amount  of  fluid  which  can  be  obtained 
from  the  well  is  limited  in  quantity,  a  3-inch  air  line  inside  of  the 
6-inch  casing  gives  better  results  and  a  more  uniform  rate  of  dis- 
charge. The  static  head  in  this  field  averages  400  feet  and  the 
operating  pressures  are  between  300  and  400  pounds,  per  square 
inch  at  the  casing  head.  To  show  the  wide  range  of  variation  in 
even  as  small  a  field  as  West  Columbia,  in  one  well  there  was  2450 
feet  of  2-inch  air  line  inside  of  a  6-inch  casing  and  this  well  was 
discharging  10,000  barrels  of  fluid  daily,  of  which  about  10  per 
cent  was  oil,  at  an  operating  pressure  of  450  pounds,  per  square 
inch.  As  stated  above,  in  this  field  approximately  one  cubic  foot 
of  free  air  was  required  per  gallon  of  fluid  delivered  per  minute. 

In  the  Kern  River  fields  in  California,  it  was  customary  to  use 
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600  to  800  feet  of  IJi  to  1^-inch  air  line  inside  of  a  2J^  or  3-inch 
discharge  line,  or  casing.  The  most  satisfactory  submergence  In 
this  field  for  economical  operation  was  found  to  be  between  30  and 
40  per  cent,  and  the  wells  were  operated  at  pressures  varying  from 
150  to  200  pounds  per  square  inch  at  casing  head. 

In  the  Evangeline  fields  in  Louisiana,  it  was  customary  to  use 
a  V/i  to  2-inch  air  line  inside  of  a  4-inch  discharge  casing,  and 
usually  from  900  to  1500  feet  of  air  line  was  placed  in  the  wells 
averaging  from  1700  to  2000  feet  in  depth. 

In  the  Blackwell  field  in  Kay  County,  Oklahoma,  a  large  air  lift 
pumping  installation  was  installed  under  the  writer's  supervision, 
and  the  following  data  taken  from  the  first  four  wells  piped  for  the 
air  is  given. 

Static  Head  975  feet.  Jones  No.  2 

2100  feet  2-inch  air  line  inside  5  3/16-inch  casing  (Central  pipe  system). 

Starting  pressure,  550  pounds  per  square  inch.  Running  pressure,  375 
pounds  per  square  inch. 

Static  Head  1000  feet.  Wolf  No.  1 

1750  feet,  3-inch  flow  line  inside  of  6-inch  casing.  Air  on  casing 
(Saunders  System). 

Starting  pressure,  550  pounds  per  square  inch.  Running  pressure  310 
pounds  per  square  inch. 

Static  Head  1100  feet.  Duluth  No.  2 

2200  feet  of  2-inch  air  line  inside  5  3/16-inch  casing. 

2200  feet  of  2-inch  air  line  inside  5  3/16-inch  casing.  (Central  pipe  sys- 
tem.) 

Starting  pressure,  475  pounds  per  square  inch.  Running  pressure,  290 
pounds  per  square  inch. 

Static  Head  700  feet.  Wolf  No.  2 

1500  feet  of  2-inch  air  line  inside  of  5  3/16-inch  casing.  (Central  pipe 
system.) 

Starting  pressure  280  lbs.  per  square  inch.  Running  pressure  190  lbs. 
per  square  inch. 

Following  actual  piping  data  on  a  typical  Humble,  Texas,  well 
will  be  of  interest : 

Well  No.  9  Paraffine  Lease 

Depth    casing    2593  feet. 

Size    casing    6  feet. 

Depth    screen    (4^") 100  feet. 

Size    of    air    line 3  inches  tubing. 

Depth  of  air  line 1300  feet. 

.Starting  pressure    (air) 468  lbs.  per  sq.  inch. 

Running    pressure    330  lbs.  per  sq.  inch. 

Static  Head    400  feet. 

Starting   submergence    900  feet. 

Running  submergence    621  feet. 

Pumping    head    669  feet. 

Submergence    47.7% 

Fluid  delivery    85  gals,  per  minute. 

Steam    pressure    125  lbs.   square   inch. 
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The  air  compressor  plant. — Early  practice  dictated  steam  driven 
compressors,  with  attendant  boiler  stations.  Oil  was  worth  $1.00 
per  barrel,  or  less.  Oil  field  boilers  were  plentiful  and  inexpensive 
and  the  need  of  present  day  efficiencies  in  oil  production  was  not  at 
that  time  realized.  The  steam  driven  units  were  fairly  portable  and 
due  to  their  wide  variation  of  speed  with  consequent  variation  in 
delivered  air  capacity,  proved  very  flexible  units  in  a  field  of  appli- 
cation, which  was  in  itself  in  the  experimental  stage;  and,  therefore, 
likely  to  avail  itself  of  all  the  flexibility  possible. 

Compressor  sizes. — Machines  installed  in  the  Gulf  Coastal  fields 
in  the  early  days  were  approximately  500  cu.  ft.,  750  cu.  ft.  or  1000 
cu.  ft.  per  minute  capacity,  and  designed  for  pressures  ranging 
from  500  to  1000  lbs.  per  square  inch.  Modern  practice  with 
Coastal  pools  dictates  but  two  sizes  of  machines :  viz.,  the  500  foot, 
500  pound  machine  and  300  foot,  500  pound  machine.  Accessibility^ 
and  ease  of  repair  dictate  the  cross  compound  duplex  type  of  ma- 
chine (with  each  cylinder  easily  and  completely  accessible  for  re- 
pairs and  replacement)  although  a  few  straight  line  compound  ma- 
chines are  still  running  in  some  of  the  older  plants.  Typical  ma- 
chines of  the  duplex  type  are  those  built  by  the  Ingersoll-Rand 
Company,  who  make  the  two  following  size**,  which  have  come 
to  be  standard  for  oil  field  work. 

(a)  12x15  and  654x16".  piston  displacement  487  cu  ft.  per 
minute,  final  air  pressure  500  lbs.  per  square  inch. 

(b)  10x12  and  5V2xl4",  piston  displacement  308  cu.  ft.  per 
minute,  final  air  pressure  500  lbs.  per  square  inch. 

In  at  least  one  of  the  more  modern  types  of  air  compressor 
plants,  which  was  installed  at  Goose  Creek  under  the  writer's 
direction,  compound  steam  cylinders  were  substituted  for  the  du- 
plex steam  cylinders  with  which  these  compressors  are  usually 
t^quipped.  With  this  additional  refinement  a  saving  of  from  15^ 
to  20%  of  the  fuel  cost  was  eflfected. 

An  air  compressor  power  plant  installation  is  subject  to  im- 
provement in  economy  at  the  hands  of  the  trained  mechanical  engi- 
neer just  as  is  any  other  type  of  power  plant.  Installation  of  proper 
oil  burning  equipment,  installation  of  a  properly  selected  boiler 
feed  water  heater,  the  installation  of  heat  insulating  covering  for 
boilers  and  piping,  the  installation  of  separate  compressors  for 
blowing  low  lift  water  wells,  and  the  use  of  high  steam  pressures 
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are  all  factors  that  the  careful  engineer  would  take  into  account 
when  designing  an  air  plant  from  which  the  highest  efficiency  is 
required. 

The  power  driven  compressor  plant. — The  recent  (1919-1920) 
high  market  value  of  fuel  oil  has  made  all  but  the  most  carefully 
designed  steam  driven  air  compressor  plants  very  heavy  expense 
burdens  to  the  companies  operating  them.  The  advent  of  the  re- 
liable and  simple  oil  engine  with  its  fuel  economy  of  0.5  pounds  of 
fuel  oil  per  brake  horsepower  hour  delivered  has  made  possible  the 
oil-engine-driven  air  compressor  plant  requiring  from  1-6  to  1-7  of 
the  total  daily  fuel  oil  consumption  of  the  average  well  constructed 
steam-driven  plant. 

Where  oil  engines  are  used,  both  the  engine  and  compressor 
are  fully  as  portable  as  the  steam  driven  compressor  and  the  oil  field 
boiler.  While  the  initial  investment  cost  of  this  class  of  compressor 
plant  is  high,  it  will  usually  pay  its  added  cost  over  that  of  the 
steam  driven  plant  in  less  than  one  year's  time  with  oil  at  $3.00 
or  $3.60  per  barrel  . 

With  electrification  of  oil  wells  for  pumping  introduced  in  many 
pools,  the  air  compressor  plant  can  be  motor  driven  with  several 
distinct  advantages. 

First :     Low  initial  cost. 

Second :     Minimum  operating  expense. 

Third:  Synchronous  motors  can  be  used  for  driving  the  air 
compressors  and  their  excitation  adjusted  so  that  the  power  factor 
of  the  electric  load  on  the  central  station  can  be  brought  up  from 
the  usual  60  to  90  per  cent  or  better. 

Air  transmission. — Oil  operators  seem  to  have  the  entirely  er- 
roneous impression  that  a  great  deal  of  power  is  lost  in  friction 
in  transmitting  air  in  pipes  at  high  pressure  for  oil  field  distribution. 
Such  is  not  the  case,  and  it  must  be  remembered  in  making  calcu- 
lation that  at  a  pressure  of  500  pounds  per  syuare  inch  relatively 
small  volumes  of  air  are  being  handled.  In  one  case  that  came 
under  the  writer's  observation  the  discharge  from  a  308-foot  steam 
driven  Ingersoll-Rand  compressor  delivering  at  500  pounds  per 
square  inch  at  the  compressor  discharge,  showed  a  pressure  of  493 
pounds  per  square  inch  at  a  point  4000  feet  away  when  discharging 
through  two-inch  tubing.  This  pressure  drop  coincided  almost  ex- 
actly with  the  calculated  pressure  drop  for  these  conditions. 
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Auxiliary  compressor. — One  very  frequent  loss  of  power  in  oil 
field  air  compressor  plants  is  that  of  using  a  500-pound  per  square 
inch  pressure  compressor  to  blow  a  low  lift  water  well  on  which 
a  100-pound  per  square  inch  compressor  would  give  ample  pres- 
sure. The  use  of  a  high  pressure  machine  for  low  pressure  work 
is  most  uneconomical  and  is  a  practice  that  ought  not  to  be  per- 
mitted where  economy  of  fuel  is  essential.  Likewise,  the  operation 
of  steam  pumps  and  steam  engines  should  not  be  permitted  with 
high  pressure  (500  pounds  per  square  inch)  air.  The  use  of  com- 
pressed air  for  these  purposes  is  uneconomical  at  best  and  a  100- 
pound  per  square  inch  pressure  compressor  should  be  installed. 
Where  this  use  of  air  is  necessary  a  preheater  should  be  installed 
to  raise  the  temperature  of  the  air  before  it  enters  the  pump  or  en- 
gine cylinder.  Further  the  clearance  in  the  pumps  or  engine  cylin- 
der should  be  reduced  as  much  as  possibly  can  be  done  by  installing 
false  piston  heads  and  followers  on  the  engine  or  pump  piston. 

Bibliography. — U.  S.  Bureau  of  Mines  Technical  Paper  No.  70,  "Methods 
of  Oil  Recovery  in  California,"  ]By  Ralph  Arnold  and  D.  R.  Garfias.  Bu- 
reau of  Mines  Publication  No.  148,  "Methods  of  Increasing  the  Recovery  of 
Oil  From  Wells,"  By  J.  O.  Lewis.  "Compressed  Air  Data,"  by  W.  L. 
Saunders  and  C.  A.  Hirshberg,  published  by  Compressed  Air  Magazine,  New 
York  City.  "Pumping  by  Compressed  Air  in  the  Baku  Fields,"  Paper  by 
Mr.  R.  Stirling,  Institution  of  Petroleum  Technology,  London,  England. 

LEASE  MANAGEMENT  IN  THE  GULF  COAST  FIELDS 

A  common  criticism  of  large  producing  companies  is  that  they 
do  too  much  operating  in  the  office  and  not  enough  in  the  field. 
While  this  is  true  only  to  a  minor  degree  it  is  a  well  known  fact 
that  after  the  production  on  a  lease  has  fallen  so  low  that  a  large 
company  cannot  operate  it  at  a  profit  a  private  individual  can  take 
hold  of  it  and  make  it  pay  a  handsome  return.  Examples  of  this 
can  be  found  in  any  Gulf  Coast  field.  This  is  simply  because  of 
the  fact  that  the  private  individual  is  on  the  ground  all  the  time  and 
makes  an  intensive  and  detailed  study  of  every  acre  of  his  lease 
to  see  if  there  is  any  place  where  he  is  losing  oil  or  failing  to  get 
as  much  as  he  should.  On  account  of  the  extensive  holdings  of 
large  companies  intensive  studies  of  small  producing  properties  by 
competent  men  are  not  always  possible.  However,  the  following 
remarks  apply  to  properties  of  most  any  size  and  may  be  found  of 
interest  to  both  the  large  and  small  producer. 
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The  waste  of  fuel  oil. — As  the  price  of  Coastal  crude  increases 
operators  will  begin  to  look  around  to  see  how  they  can  possibly 
save  some  of  the  oil  that  is  now  going  up  the  chimneys  in  the  boiler 
plant.  In  the  Gulf  Coast  fields,  taken  as  a  whole,  nearly  one-eighth, 
or  12j4  per  cent,  of  the  production  from  the  wells  never  sees  the 
market,  but  is  used  up  as  fuel  for  running  steam  engines,  pumps  and 
in  treating  oil ;  or  is  lost  by  being  stored  in  earthen  pits.  By  using 
modern  and  efficient  methods  this  fuel  consumption  can  be  reduced 
to  four  per  cent  or  less.  With  the  Coastal  fields  producing  over 
300,000  barrels  of  oil  per  day  this  would  mean  an  annual  saving  to 
operators  of  about  3,000,000  barrels  of  oil. 

Everyone  knows  that  the  common  oil  field  steam  engine  and 
steam  pump  are  the  most  wasteful  types  of  prime  movers.  Too 
extensive  use  of  steam  power  is  responsible  for  a  great  deal  of  the 
waste  of  crude  oil.  It  is  possible  to  operate  large  leases  without 
employing  steam  power  on  them. 

Many  of  the  smaller  companies  allow  their  production  to  run 
out  into  earthen  sumps  or  pits  where  the  same  is  treated  before  be- 
ing pumped  to  storage.  The  waste  here  is  considerable  in  sandy 
soils,  although  every  small  producer  will  argue  to  the  contrary. 
This  is  a  pure  waste  of  oil  and  can  be  easily  corrected  by  installing 
proper  treating  devices  and  the  saving  in  production  will  soon  pay 
for  them. 

Small  average  production  oi  wells. — In  any  field  during  the 
"gusher"  days  the  problem  of  production  management  is  relatively 
unimportant.  Handsome  profits  are  being  realized  and  it  is  hard 
to  make  mismanagement  show  up.  However,  the  "gushers"  take 
care  of  themselves  once  they  are  brought  in  properly  and  the  prob- 
lem resolves  itself  into  one  of  handling  the  small  producers.  In 
the  Humble  field  at  present  there  are  close  to  550  producing  wells. 
With  a  dail>  average  production  at  the  time  this  was  being  written 
of  about  12,000  barrels  for  the  field  this  makes  the  daily  average 
production  per  well  run  close  to  22  barrels.  In  the  fields  where 
there  are  not  so  many  large  producing  wells  the  daily  average  per 
well  is  much  lower.  In  Saratoga  field,  for  instance,  the  daily  aver- 
age production  per  well  for  the  month  of  January,  1917,  was  7.4  bar- 
rels. At  Batson  the  average  production  per  well  will  run  close  to 
4.5  barrels.  It  will  be  seen,  then,  that  the  big  problem  in  the  Gulf 
Coast  Country  today  is  not  how  to  handle  the  gushers,  but  rather 
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how  to  handle  a  large  number  of  small  producing  wells  in  order 
to  make  them  realize  a  good  profit  on  the  investment. 

The  standard  rig. — In  the  Coastal  fields  when  a  well  is  brought 
in  that  does  not  flow  and  is  isolated  from  a  pumping  power  it  is 
"put  on  the  beam'*  in  order  to  pump  it.  This  necessitates^  the  build- 
ing of  a  standard  rig.  The  standard  rig  is  a  device  designed  in  the 
Appalachian  section  and  used  universally  in  "hard  rock"  oil  fields 
for  operating  a  string  of  standard  cable  tools.  It  usually  costs 
about  $1500  to  rig  an  ordinary  well  to  pump  with  a  standard  rig 
and  four  to  five  days*  time  is  usually  lost  in  so  doing.  It  seems  ab- 
surd that  after  completing  a  well  with  rotary  tools,  operators  should 
be  forced  to  build  a  standard  rig  in  order  to  pump  it.  Pumping  a 
well  with  a  "steam  head"  or  using  compressed  air  are  exceptions 
that  find  application  in  but  relatively  few  cases. 

Many  Gulf  Coast  operators  are  now  figuring  on  devices  which 
can  be  set  up  on  a  derrick  floor  in  a  short  time  and  which  will  give 
the  same  reciprocal  motion  as  the  familiar  walking  beam.  Field 
men  in  the  Caddo,  La.,  district  have  been  active  in  working  on  this 
problem  and  several  devices  have  been  patented  for  taking  the 
place  of  the  standard  rigf.  Two  of  the  oil  well  supply  houses  now 
manufacture  a  structural  steel  pumping  unit  that  can  be  set  up  on 
a  derrick  floor  immediately  the  well  is  completed  and  the  well  put 
to  pumping.  Rods  and  tubing  can  be  pulled  with  them  and  the 
well  bailed  the  same  as  with  the  standard  rig.  In  criticising  these 
outfits  it  might  be  said  that  they  are  a  little  too  light  in  construction 
for  moderately  deep  wells  in  this  country.  However,  it  is  very 
probable  that  before  many  months  some  reliable  concern  will  have 
on  the  market  a  pumping  device  that  will  cost  in  the  neighborhood 
of  SoOO  which  can  be  set  up  on  a  derrick  floor  in  a  few  hours,  and 
which  will  do  everything  that  is  now  being  done  by  the  standard 
rig.  These  outfits  ought  to  be  so  made  that  they  can  be  run  with  a 
steam  engine,  electric  motor,  gas  engine,  crude  oil  engine,  or  any 
kind  of  power  that  is  available.  It  may  be  that  within  a  few  years 
we  will  regard  the  ordinary  standard  rig  in  this  country  with  the 
same  disdain  that  the  modern  rotary  machinery  manufacturer  re- 
gards the  early  efforts  in  that  field. 

The  standard  rig  is  all  right  in  the  Eastern,  Mid-Continent  and 
Pacific  Coast  fields  where  drilling  is  prosecuted  to  a  large  extent 
with  cable  tools,  but  in  the  Gulf  Coast  country  it  is  a  makeshift  at 
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best  and  stands  as  a  reflection  upon  the  ability  of  the  operators  that 
it  has  not  long  since  been  replaced  by  something  more  adaptable 
to  this  section.  In  this  country,  where  the  rotary  system  of  drill- 
ing has  been  created  and  perfected  to  such  a  point  that  it  now  finds 
application  all  over  the  globe,  there  are  certainly  plenty  of  men 
eminently  qualified  for  working  out  a  detail  that  will  make  a  rotary- 
drilled  well  independent  of  cable  tool  devices  from  start  to  finish. 

The  steam  pump. — In  traveling  around  over  a  lease  in  the 
Coastal  fields  one  usually  notes  numerous  steam  pumps  in  use 
handling  oil.  The  ordinary  10x6x10  duplex  pump  working  at  a 
moderately  fast  rate  will  consume  almost  twice  as  much  steam  as 
a  1034x12  steam  engine.  For  handling  reasonably  larger  amounts 
of  19  decrees  Beaume  oil  over  distances  up  to  one  mile  through 
2V^-inch  or  larger  pipe,  a  "tail-pump"  made  up  of  an  old  working 
barrel  and  mounted  on  the  pitman  end  of  a  walking  beam  will  be 
found  iust  as  satisfactory  as  a  steam  pump.  On  leases  where  there 
are  no  standard  rigfs,  and  where  all  wells  pump  from  jacks,  a  weight- 
ed jack  mounted  over  a  sump  and  operating  a  short  working-barrel 
will  handle  the  production  very  satisfactorily.  There  is  now  being 
marketed  a  rod  line  pump  which  works  on  the  jack  line  leading 
from  a  pumping  power  to  the  well.  They  are  being  used  quite 
extensively  by  some  operators.  Quite  a  few  small  operators  are 
gradually  getting  around  to  the  opinion  that  a  steam  pump  has  no 
place  on  a  lease. 

Developing  a  lease. — In  the  development  of  a  small-producing 
property  the  wells,  as  they  come  in,  are  put  on  a  standard  rig ;  each 
rifT  being  run  either  by  a  steam  engine,  or  possibly  a  gas  engine 
where  sufficient  gas  is  available.  If  steam  is  used  as  more  wells 
are  drilled  it  is  supplied  from  a  central  station.  As  development 
proceeds  the  company  finds  that  it  has  possibly  thousands  of  feet 
of  steam  lines  scattered  around  over  the  lease  and  the  loss  by  con- 
densation is  considerable,  even  if  the  lines  are  covered  with  mag- 
nesia or  other  insulating  covering.  The  fuel  consumption  for  gene- 
rating steam  finally  reaches  such  a  high  figure  that  steps  are  taken 
to  handle  the  wells  without  the  continual  use  of  steam  at  each  well. 
Usually,  pumping  powers  are  installed  with  20  to  25  wells  beings 
pumped  with  jack  lines  from  each  power.  A  35  to  50  horsepower 
engine  is  installed  in  the  power.  Both  gas  and  steam  engines  are 
used  for  this  service  and  it  is  quite  the  custom  to  install  both  kinds 
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of  engines  in  each  power ;  the  steam  engine  to  be  used  in  emergen- 
cies. On  leases  where  the  gas  pressure  is  weak  it  is  beginning  to  be 
the  custom  to  use  crude  oil  engines  in  powers.  Electric  motors  are 
well  adapted  to  this  work  and  many  are  in  use  in  the  Coastal  fields ; 
but,  as  yet,  they  have  not  come  into  prominence,  mainly  on  account 
of  the  high  cost  of  electric  power. 

Compressed  air  use. — In  the  Salt  Lake  oil  field  near  Los  Angeles, 
California,  on  the  property  of  the  Rancho  la  Brea  Oil  Company, 
when  the  steam  consumption  became  prohibitive  air  compressors 
were  installed  and  60  standard  rig  steam  engines  on  the  lease  were 
run  with  compressed  air,  same  being  furnished  through  the  old 
steam  lines.  In  this  way  there  was  but  a  slight  loss  of  power  in 
transmitting  the  air  and  they  were  able  to  utilize  all  of  their  old 
machinery.  Points  to  be  noted  in  converting  a  lease  from  steam 
to  compressed  air  power  are  as  follows : 

1.  First,  5^-inch,  or  larger  plates  should  be  riveted  on  each  end 
of  the  pistons  so  that  there  will  not  be  so  much  displacement  in  the 
ends  of  the  cylinders. 

2.  All  standard  rigs  should  be  run  with  air  at  a  pressure  of 
about  20  pounds  per  square  inch.  For  pulling  rods  and  tubing  60 
pounds  of  air  will  be  necessary.  All  walking  beams  should  be 
counter  weighted. 

3.  Preheaters  are  required  at  each  standard  rig  to  heat  the  air 
before  it  goes  into  the  engines  so  as  to  avoid  refrigeration.  These 
heaters  are  fired  with  gas  and  it  costs  about  $12.00  to  equip  each 
standard  rig  with  a  preheater.  The  air  should  be  heated  to  250 
degrees  Fahrenheit,  otherwise  ice  will  form  in  the  valves. 

4.  A  standard  rig  running  at  20  lifts  per  minute  requires  86 
cubic  feet  of  free  air  per  minute  to  run  the  engine.  This  for  a 
1500-foot  hole  with  oil  ranging  from  11  degrees  to  18  degrees 
Baume  and  plunger  pumps.  A  20  by  24  single  stage  compressor 
running  at  90  revolutions  per  minute  will  handle  10  wells  at  20 
pounds  pressure. 

5.  In  drilling  wells  with  air  instead  of  steam  it  was  found  that 
80  pounds  of  air  was  about  as  efficient  as  125  pounds  of  steam  and 
much  quicker. 

6.  For  lubrication  tallow  cups  tapped  into  the  cylinder  or  into 
the  air  inlet  pipe  must  be  used.  Most  any  kind  of  oil  will  work 
in  this  cup. 
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This  type  of  power  should  work  very  well  in  the  Gulf  Coast 
country  on  a  lease  having  a  large  number  of  moderately  deep  wells 
to  handle.  Compressed  air  power  is  not  very  expensive  when  gen- 
erated at  low  pressure  by  gas  engine  or  Diesel  engine  driven,  di- 
rect connected  single  stage  compressors. 

Piunping  powers. — The  main  idea  of  a  pumping  power  is  to 
develop  a  horizontal  pull  of  about  16  to  18  inches  by  the  movement 
of  a  steel  ring  inside  of  which  an  eccentrically  mounted  spindle 
revolves.  This  has  been  perfected  through  several  stages  until 
today  the  most  up-to-date  type  of  pumping  power  is  the  underpull 
band  wheel  type.  This  consists  of  a  steel  band  wheel  18  feet  or 
more  in  diameter  on  the  periphery  of  which  a  12-inch,  6-ply  belt 
some  130  feet  long  runs  and  transmits  the  power  from  the  gas 
engine,  steam  engine,  crude  oil  engine,  or  motor.  The  eccentric 
straps  or  rings  are  mounted  under  the  wheel  and  as  many  as  35  wells 
can  be  pulled  from  one  of  these  powers.  The  wells  should  be 
equally  distributed  on  all  sides  of  the  power,  or  carried  into  the 
band  wheel  from  different  directions,  by  swings,  etc.,  in  order  to 
balance  the  load  on  the  wheel.  If  the  load  is  not  balanced  it  tends 
to  make  the  wheel  run  out  of  line.  As  considerable  strain  is  thrown 
on  the  wheel  it  should  be  well  set  in  concrete.  With  fairly  good 
subsoil  it  is  customary  to  make  the  concrete  block  in  which  the 
power  is  imbedded  10x10  feet  in  area  and  5  feet  deep.  With  quick 
sand  sub-soil  it  is  well  to  give  the  base  of  the  block  a  considerable 
amount  of  "spread." 

The  speed  at  which  band  wheels  are  run  varies  greatly  with 
different  operators.  Some  claim  that  the  faster  the  power  is  run 
the  more  oil  is  gotten  and  hence  it  is  speeded  up  so  as  to  get  as 
many  as  26  lifts  of  the  jack  per  minute.  Others  hold  that  up  to  a 
certain  point  all  the  oil  will  be  gotten  by  running  slower  and  their 
powers  are  operated  so  as  to  get  15  to  20  lifts  of  the  jack  per  minute. 
It  is  certainly  true  that  conditions  vary  widely  on  different  leases 
and  that  a  speed  which  is  best  for  wells  on  one  lease  is  not  suited 
to  a  set  of  wells  on  another. 

New  type  jack  lines. — Jack  lines  or  "jerk  lines"  made  of  ^-inch 
steel  rods  are  used  to  transmit  the  motion  from  the  power  to  the 
jack  at  the  well.  Heretofore  it  has  been  customary  to  let  these  lines 
slide  back  and  forth  on  top  of  posts  or  through  holes  bored  in  the 
posts.    These  friction  surfaces  are  usually  spaced  about  30  feet 
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apart  and  are  kept  well  greased  with  axle  grease.  Considerable 
power  is  lost  by  having  the  rods  pull  over  or  through  posts.  With 
20  wells  on  a  power  and  each  well  averaging  800  feet  in  distance 
from  the  power  there  would  be  about  540  friction  surfaces.  Using 
oak,  pecan,  or  maple  wood,  it  can  be  seen  that  at  least  10  to  12 
horsepower  would  be  used  up  in  overcoming  this  friction.  Opera- 
tors in  the  Gulf  Coast  country  are  just  beginning  to  use  the  swing- 
ing type  of  jack  line,  where  the  line  is  swung  from  a  pendulum-like 
rod  attached  to  a  post  or  piece  of  2 J/^-inch  pipe  driven  in  the  ground. 
The  friction  loss  here  is  neglible. 

Gas  Engines. — The  cheapest  form  of  power  for  operating  a  band 
wheel  power  is  the  gas  engine  as  long  as  a  good  supply  of  gas  is 
available.  In  many  of  the  coastal  fields  gas  is  getting  rather  scarce 
and  the  operators  are  looking  for  something  to  take  its  place.  In 
localities  where  electric  power  is  cheap  gas  engines  are  being  re- 
placed by  electric  motors.  These  are  the  most  satisfactory  form  of 
power  for  running  the  pumping  powers.  In  the  Gulf  Coast  country 
the  operators  are  slowly  adopting  crude  oil  engines  of  the  low  com- 
pression or  semi-Diesel  type. 

CRUDE  OIL  ENGINES 

Crude  Oil  Engines  are  those  which  burn  their  fuel  indirectly 
in  the  engine  cylinder  or  in  a  vaporizer  directly  attached 
thereto.  In  this  respect  they  are  different  from  gasoline  engines 
which  require  carburation.  They  are  operated  on  the  Diesel  prin- 
ciple and  burn  any  grade  of  crude  petroleum  or  fuel  oil. 

In  principle  of  operation,  they  are  divided  in  two  parts,  Diesel 
and  Semi-Diesel. 

The  Diesel  (or  full  Diesel)  is  operated  under  two  principles. 
First,  the  engine  that  injects  the  oil  or  fuel  into  the  cylinder  and 
w^ith  the  aid  of  high  pressure  air,  which  air  effects  the  vaporization 
of  the  fuel;  second,  the  engine  which  injects  the  fuel  into  the  cylin- 
der with  high  fuel  pump  pressure,  this  being  so  high  that  its  force 
vaporizes  the  oil. 

The  Semi-Diesel  engine  operates  on  the  principle  of  injecting 
the  fuel  into  the  engine  cylinder  or  into  a  vaporizer  attached  thereto 
at  a  comparatively  low  pressure,  but  the  fuel  is  injected  against  a 
hot  tube  or  a  hot  head,  which  is  a  factor  in  the  ignition  of  the  fuel. 

There  is  another  type  of  crude  oil  engine  in  which  the  fuel  is 
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injected  at  low  fuel  pump  pressure  into  a  cup  or  tube  and  where 
the  fuel  becomes  vaporized  and  the  gas  therefrom  is  expelled  out 
of  the  holes  in  the  tube. 

For  the  full  Diesel  with  air  injection  we  can  refer  to  the  Snow ; 
for  the  full  Diesel  with  fuel  pump  injection  and  no  air  we  can  refer 
to  the  De  La  Vergne  Type  "SI",  for  the  Semi-Diesel  with  a  vapo- 
rizer we  can  refer  to  the  De  La  Vergne  Type  "HA",  for  the  Semi- 
Diesel  where  the  fuel  is  injected  into  the  cylinder  we  can  refer  to 
the  Bessemer  type  IV ;  for  the  engine  operating  on  the  full  Diesel 
cycle  and  using  the  cup  or  tube  principle  we  can  refer  to  the  St. 
Mary's. 

The  oil  engines  are  divided  into  two  classes  fundamentally  two- 
cycle  and  four-cycle  and  as  far  as  the  differences  in  these  two  en- 
gines are  concerned  these  differences  are  the  same  as  those  of  the 
two-cycle  or*  four-cycle  gasoline  engine  with  the  exception  that  most 
two-cycle  oil  engines  require  additional  scavenging  because  of  the 
gases  from  crude  oil  being  more  impure  than  the  gases  from  gas- 
oline. 

The  economics  of  these  engines  vary  from  0.75  pound  of  fuel 
per  bhp  hour  down  to  0.35  pound  of  fuel  per  bhp  hour,  depending 
upon  whether  they  are  the  full  Diesel  or  Semi-Diesel.  In  the  case 
of  the  full  Diesel,  the  economy  depends  on  whether  they  use  air 
injection  or  fuel  pump  injection.  The  Semi-Diesel  will  vary  from 
0.75  pound  to  0.6  pound  fuel  per  bhp  hour.  The  full  Diesel  with 
air  injection  will  vary  from  0.6  to  0.48  pound.  The  full  Diesel  with- 
out air  injection  and  fuel  pump  injection  will  vary  from  0.48  to 
0.35  pound.  The  operation  of  the  crude  oil  engine  depends  upon 
the  vaporization  of  the  fuel.  The  better  the  vaporization  the  better 
the  operation  and  the  less  carbonizing  on  the  inside  of  the  engine 
cylinder.     The  better  the  vaporizer  the  better  the  fuel  is  consumed. 

The  real  principle  of  the  operation  of  these  engines  is  as  follows : 
First,  in  the  full  Diesel,  the  compression  of  the  engine  is  so  high 
that  the  temperatures  resulting  therefrom  are  higher  than  the  flash 
point  of  the  oil  consequently  ignition  occurs.  Second,  in  the  Semi- 
Diesel,  the  compression,  together  with  the  heat  of  the  hot  tube  or 
hot  head,  is  so  high  that  it  affects  ignition  of  the  fuel.  Therefore  it 
can  be  seen  that  the  full  Diesel  operates  at  higher  pressure  than  the 
Semi-Diesel.  Thus  it  is  very  evident  that  oil  engines  operate  at 
higher  temperatures  and  higher  strains  throughout  the  whole  mech- 
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anism  than  steam  engines.  Consequently,  the  oil  engine  is  a  more 
delicate  piece  of  machinery,  but  its  economics  are  so  much  higher 
than  the  economics  oF  the  steam  engine  and  boilers  that  the  dif- 
ference in  price  and  maintenance  are  offset  by  the  fuel  saving. 

Oil  engines,  because  of  the  principles  of  design  are  incapable  of 
overload.    This  is  also  true  of  gasoline  and  gas  engines. 

There  is  another  type  of  engine  known  as  the  sulphur  pit  or 
mercury  cup  oil  engine.  For  details  on  this  we  can  refer  to  the  new 
Bessemer  engine.  The  Bessemer  25  h.  p.  "O.  D."  type  oil  engine 
under  test  in  California  for  operating  of  standard  rig  well  pumping 
equipment  gave  the  following  results : 

Days  operating  68 

Hours  operating 1632 

Gallons  fuel  21  degrees  used 1433 

Estimated  h.p.  when  pumping 7 

Fuel  consumption   1255  gallons  per  h.  p.  hour. 

Lubricating  oil  used  per  day 1  quart. 

Cost  per  day  (fuel  oil  at  $1.58  per  barrel). 

Fuel  . $0,792 

Lubrication   0.40 

$1,192 

Because  of  its  fuel  saving  there  are  many  places  in  the  oil  fields 
where  oil  engines  can  be  used.  It  is  becoming  common  practice  to 
use  oil  engines  in  pumping  oil  in  pipe  lines  in  the  fields,  for  running 
pumping  powers,  and  now  the  Bessemer  Engine  Company  and  the 
Fairbanks  Company  have  an  engine  in  successful  operation  on  in- 
dividual wells  for  pumping  and  pulling.  The  oil  engine  can  be  rec- 
ommended very  highly  because  of  its  efficiency  and  its  low  fuel 
consumption. 

Getting  the  oil  out  of  the  well. — Taken  as  a  whole,  the  pumping 
w^ells  of  the  Gulf  Coast  country  probably  give  more  trouble  than 
those  in  any  other  section  of  the  United  States.  The  presence  of 
fine  sand  which  sooner  or  later  enters  the* -hole  in  varying  quanti- 
ties is  due  in  the  old  wells  to  the  strainer  giving  away,  and  in 
the  new  wells  to  coarse  strainer  being  set.  Quite  a  few  of  the 
wells  produce  an  emulsion  of  oil,  water,  and  sand  that  is  pretty 
hard  on  any  type  of  pump. 

Handling  sand  wells. — In  handling  sand  wells  the  old  style 
pump,  which  handles  the  fluid  with  cups,  has  to  be  done  away  with. 
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Most  of  the  operators  are  be- 
ginning to  use  the  California  pat- 
tern steel  plunger  pump  which  is 
operated  either  with  ordinary 
rods  or  with  a  closed  traveling 
valve,  and  lJ4-inch  tubing 
through  which  the  fluid  travels 
to  the  surface.  These  plunger 
pumps  will  not  handle  quite  as 
much  fluid  as  "the  cups,  but  they 
possess  the  advantage  of  handl- 
ing fluid  carrying  as  much  as  50 
per  cent  of  sand  and  mud. 

In  making  up  a  plunger  pump 
all  brass  parts  should  be  done 
away  with  and  steel  substituted. 
Sand  cuts  brass  very  rapidly, 
whereas  steel  ofTers  a  fairly  good 
resistance  to  this  corrosive  action. 
If  a  well  makes  some  gas  with 
the  sand  and  oil  the  cutting  ac- 
tion  is  very   marked,   no  matter 
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what  kind  of  metal  is  used.  A  gas  anchor,  made  up  of  an  extra 
length  of  perforated  tubing  and  located  beneath  the  working  barrel, 
tends  to  keep  the  gas  out  of  the  barrel.  These  anchors  should  be 
ysed  to  a  far  greater  extent  than  they  are  at  present. 

Tubing  catchers. — In  the  most  of  the  Gulf  Coast  wells  the  tub- 
ing is  suspended  in  the  hole,  usually  hanging  several  hundred  feet 
off  bottom.    Many  good  wells  are  ruined  by  a  string  of  tubing  part- 


Fig.    95A.— The   Franklin    Pulling   Uachine. 

ing  in  the  hole  and  dropping  to  the  bottom  or  else  dropping  while 
being  pulled  from  the  well.  In  some  sections  a  ncwly-patentod 
tubing  catcher  is  finding  a  wide  application.  With  this  device 
attached  to  the  bottom  of  a  string  of  tubing  it  is  impossible  for 
the  tubing  to  drop  in  the  hole. 

Devices  (or  pulling  rods  and  tubing  a»d  bailing. — As  the  wells 
on  a  lease  are  hooked  up  to  the  pumping  power  and  the  standard 
rigs  are  done  away  with  the  question  of  proper  equipment  for  pull- 
ing rods  and  tubing,  and  bailing  arises.  In  the  Gulf  Coast  country 
there  are  about  as  many  solutions  to  this  problem  as  there  are 
leases. 

Some  companies  maintain  a  standard  rig  at  about  one  well  in 
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five  and  pull  rods  "across  country"  by  having  blocks  anchored  in 

the  derrick  floors  through  which  the  lines  operate  from  the  crown 

blocks  in  the  derricks.     Such  a  method  is  very  unsatisfactory  ^s 

the  man  operating  the 

I  steam  engine  is  too  far 

I  from   the  well  where 

'  operations    are    being 

carried    on    and    hence 

cannot     watch     things 

closely.    Accidents  oft- 

!  en   result   from    this 

cause.    Some  operators 

place   a    small    dra^w 

works    and    engine    at 

every  well.     This  sys- 

I  tern  is  too  costly  on  a 

large  lease. 

Other  operators  are 
coming  to  use  a  "hoist- 
ing machine."    This  is 
i  nothing    more    than    a 

Lidgerwood,  or  similar 
type,  steam  hoist,  with 
;  two  small  steam  cylin- 

■  ders  of  about  5  horse- 

!  power    each,    mounted 

on  a  wagon  frame,  and 
it  is  pulled  around  from 
well  to  well  as  needed. 
I  Operation   of  this   nia- 

chine  nece.ssitates  hav- 
ing steam  piped  to  each 
well.  As  the  wells  may 
be  isolated  from  the 
boiler  station,  this 
means  wet  steam  and 
consequently  a  "logy" 
engine.  The  loss  of 
Fig.  9SB,— The  cb.k  Pulling  Machine.  power  here  IS  Quite  an 
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Item.  Wagon  frames  for  carrying  this  hoist  should  have  steel 
wheels  with  tires  not  less  than  6  inches  wide  in  order  to  be  easily 
pulled  around  in  any  kind  of  weather. 

The  latest  hoisting  machine  in  use  in  the  coastal  country  con- 
sists of  a  hoisting  drum  gear  driven  by  a  six-cylinder  distillate  en- 
gine. They  are  very  economical.  One  of  the  caterpiller  tractor 
companies  also  sells  a  device  which  goes  with  their  tractor  and 
pull  rods  and  tubing  very  satisfactorily.     (See  Figs.  95-A  arid  95-B.) 

In  many  of  the  "shallow  sand"  districts  operators  are  doing 
away  with  derricks  after  the  wells  are  drilled  and  pull  rods  and 
tubing  with  a  portable  "pulling  machine."  This  outfit,  as  used  at 
Batson,  consists  of  three  joints  of  pipe  which  telescope  one  within 
the  other  and  which  are  mounted  on  a  wagon  frame.  A  small  drum 
on  the  base  of  the  largest  joint  of  pipe  is  used  for  spooling  the  tub- 
ing line  and  this  is  operated  by  horsepower.  In  the  Saratoga  field 
on  the  Rio  Bravo  Oil  Company's  holdings,  a  sintilar  device  is  in 
use,  but  it  is  operated  by  a  small  steam  turbine  engine  mounted  on 
the  bed  of  the  wagon  and  connected  to  the  drum  by  a  chain  drive. 

On  the  Texas  Company  property  at  Sour  Lake  a  traction  well 
puller  and  cleaner  operated  with  a  distillate  engine  is  in  use.  This 
outfit  carries  a  portable,  telescoping  mast  and  the  drum  is  operated 
from  the  engine.  It  moves  to  a  well  under  its  own  power  and  is 
absolutely  independent  of  steam  or  horse  power. 

In  the  Kern  River  oil  field  of  California  a  device  is  being  used 
for  pulling  rods  and  tubing  and  bailing  wells  that  gives  very 
good  service.  It  consists  of  a  three-ton,  chain-driven,  motor 
truck  on  the  bed  of  which  is  bolted  a  hoisting  drum.  The 
truck  is  run  up  to  a  well  and  the  chain  drive  disconnected  from  the 
rear  axle  and  connected  to  a  sprocket  on  the  hoisting  drum.  Bail- 
ing or  pulling  rods  and  tubing  starts  as  soon  as  the  clutch  on  the 
truck  engine  is  let  in.  This  truck  can  handle  800  feet  of  three-inch 
tubing  in  the  high  gear.  Running  in  low  gear  it  is  much  more  pow- 
erful. When  this  truck  is  not  needed  at  the  wells  it  is  run  into  the 
shop  where  a  crane  removes  the  hoisting  drum  and  it  is  then  avail- 
able for  hauling  pipe  or  any  kind  of  supplies.  A  more  convertible 
or  convenient  source  of  power  would  be  hard  to  imagine. 

In  the  same  field  a  hoisting  outfit  operated  by  an  electric  motor 
is  used.    These  are  ideal  where  electric  power  is  available. 

Keeping  production  off  of  the  ground. — Where  an  operator  has 
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several  wells  making  large  quantities  of  sand,  water  and  emulsion 
it  sometimeg  seems  foolish  to  taltc  about  pumping  sifch  a  mess 
through  pipe  lines.  Hence  the  practice  is  to  let  the  fluid,  or  semi- 
fluid mass,  flow  out  into  an  earthen  pit  where  the  sand  and  water 
separate  to  a  certain  extent.  The  top  portion  of  this  fluid  is  then 
pumped  to  the  treating  tanks.  Needless  to  say,  a  large  amount  of 
oil  is  lost  by  seepage  into  the  walls  of  the  pit.  The  separation  out- 
lined above  can  be  effected  very  nicely  by  letting  the  production 
flow  into  a  "sand  box."  This  is  nothing  more  or  less  than  a  tin- 
lined  box  about  2  feet  by  3  feet  in  cross  section  and  20  or  30  feet 


long,  supported  above  the  ground  by  a  framework  and  sloping  about 
12  inches  in  the  20  feet.  Baffles  are  placed  in  this  trough  about 
every  5  feet.  The  sand,  water,  and  oil  are  pumped  into  the  upper 
part  of  the  trough  and  the  sand  is  separated  out  at  the  baffles.  A 
pumper  shovels  this  sand  out  of  the  box  as  often  as  is  necessary. 
The  fluid  passes  over  the  baffles  and  the  top  portion,  which  is  most- 
ly oil,  flows  into  galvanized  iron  settling  tanks.  The  water  is  bled 
out  of  the  bottom  part  of  the  trough.  One  of  these  sand  troughs 
can  accommodate  eight  or  ten  wells  and  it  will  pay  for  itself 
in  a  short  time.  The  production  is  pumped  from  the  galvanized 
tanks  to  the  treating  tanks.     (See  Fig  96). 
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RECOVERING  OIL  FROM  UNCONSOLIDATED  SANDS* 

The  process  of  obtaining  oil  from  the  earth  when  that  oil  is  con- 
tained in  a  loose  unconsolidated  sand  is  very  different  from  the 
method  employed  to  extract  the  recoverable  portion  of  the  oil  con- 
tent of  a  hard  stratum.  With  an  unconsolidated  sand  the  extract- 
tracting  of  its  oil  content  may  take  place  above  ground  whereas 
with  a  hard  oil-bearing  stratum  this  is  impossible.  This  distinction 
has  an  important  bearing  upon  all  questions  relating  to  oil  pro- 
duction. It  is  the  factor  deserving  the  greatest  consideration  in  de- 
termining the  efficiency  of  methods  employed  for  the  maximum 
recovery  of  oil  from  unconsolidated  sands  and  is  the  basic  principle 
of  the  statement  that:  Other  things  being  equal,  the  maximum 
recovery  of  oil  from  an  unconsolidated  sand  is  directly  dependent 
upon  the  maximum  recovery  of  the  sand  itself. 

The  truth  of  this  law  is  based  upon  two  important  considera- 
tions: (1)  The  removal  of  sand  by  a  well  causes  a  larger  volume 
of  sand,  and  therefore  of  oil,  to  move  toward  that  well  than  would 
be  the  case  if  oil  only  were  removed.  (2)  The  efficient  separation 
of  sand  and  oil,  and  therefore  a  nearer  approach  to  obtaining  the 
recoverable  oil  content,  is  made  when  this  separation  takes  place 
above  ground. 

The  movement  of  sand  and  oil  toward  a  well. — The  higher  the 
viscosity  and  the  lower  the  gas  pressure  within  the  oil  reservoir 
the  greater  becomes  the  importance  of  creating  and  maintaining  a 
movement  of  sand  toward  a  producing  well.  This  has  been  proved 
beyond  all  question  in  extensive  operations  in  the  north  Midway 
district  of  California  where  the  oil  is  of  14.5°  Be'  gravity  with  a 
very  low  gas  pressure. 

"In  the  Balakhany  oil  district,  where  the  oil  is  heavy,  and  the 
gas  has  nearly  all  escaped  from  innumerable  wells,  the  concentra- 
tion of  the  petroleum  toward  old  producing  areas  is  very  marked, 
and  whilst  old  bailing  properties,  which  have  for  many  years  yield- 
ed a  moderate  payable  production  show  little  or  no  fall-off,  new 
lands  interspersed  between  these  are  almost  valueless  and  give 
practically  no  output  when  new  wells  are  sunk.  This  is  additional 
testimony  of  the  movement  of  oil  towards  spots  where  immense 
quantities  of  sand  have  been  removed  by  bailing,  creating  areas  of 
low  density  into  which  the  petroleum,  no  longer  assisted  by  a  gas 

*Wm.  Kobbe  in  Trans.  A.  I.  M.  E,,  Vol.  LVI. 
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pressure,  percolates  by  gravitation.  In  one  case,  a  new  well  bored 
in  the  Balakhany  district  was  a  distinct  failure,  for  stratum  after 
stratum  failed  to  yield  even  a  mean  production,  but  an  old  well 
which  had  been  bailed  for  many  years  before  abandonment,  gave, 
when  cleaned  out,  the  extraordinary  production  of  2,500  poods  a 
day  for  more  than  a  month,  and  then  only  fell  off  by  degrees  to 
400  poods  daily." 

The  fact  that  large  producers  come  in  without  "making  sand'' 
is  evidence  of  existence  of  high  gas  pressure  and  insuffi- 
cient means  of  entry  for  the  sand  to  pass  into  the  casing,  but  it 
is  not  proof  that  the  large  production  is  due  to  the  absence  of  sand 
or  that  the  output  would  not  be  increased  if  sand  were  expelled 
with  the  oil. 

With  proper  mechanical  arrangements  a  well  tapping  a  thick 
stratum  of  unconsolidated  pay  produces  a  tremendous  amount  of 
sand.  That  it  continues  to  do  this  for  long  periods  is  proof  that  a 
constant  replenishment  takes  place  near  the  casing,  necessitating  a 
movement  of  sand  and  oil  toward  the  well.  This  movement  is  fre- 
quently of  such  volume,  or  occurs  so  suddenly,  that  the  casing 
penetrating  the  reservoir  is  damaged  or  completely  severed  from 
the  upper  and  more  rigid  portion  of  the  string.  Several  instances 
of  such  damage  may  be  mentioned :  In  one  case  250  feet  of  36-lb. 
8>i-inch  casing  was  twisted  somewhat  in  the  shape  of  the  letter 
S  and  was  removed  from  the  well  only  with  the  greatest  difficulty. 
In  another  instance  several  hundred  feet  of  6j4"inch  20-lb.  casing 
was  broken  just  below  a  collar  and  displaced  to  such  an  extent  that 
no  part  of  it  was  touched  by  the  tools  while  repairing  the  damage. 
Several  cases  may  be  cited  where  casing  has  been  so  deflected  or 
bent  by  sand  movements  that  it  was  impossible  to  tube  the  well 
beyond  the  point  of  flexure.  No  type  of  casing  is  proof  against 
this  force  of  moving  sand,  and  both  screen  and  perforated  pipe 
suffer  ,although  it  is  believed  the  former  less  so  than  the  latter. 
Likewise  it  appears  to  make  but  little  difference  whether  the  casing 
passes  entirely  through  the  sand  and  is  anchored  in  an  underlying 
stratum  or  penetrates  for  only  half  the  distance. 

Methods  of  extraction. — In  order  to  bring  about  a  movement  of 
sand  with  its  oil  content  toward  the  well,  it  is  necessary  to  provide 
means  for  its  efficient  removal  with  special  casing  devised  to  facili- 
tate this  process.    If  the  sand  cannot  enter  the  casing,  not  only  is 
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the  movement  of  oil  retarded  but  the  sand  surrounding  the  casing 
is    partially  drained  of  its  oil   content,   resulting  in  a   constantly 
body    of    "dead"    sand    opposed    to    the    richer    portions    of    the 
reservoir.     Instances  are  known  where  a  well,  because  of  faulty 
perforations  or  inadequate  screen  openings,  produced  small  quan- 
tities of  clean  oil  free  from  sand  for  several  years  and  when  an 
attempt  was  made  to  substitute  screen  with  proper-size  mesh  the 
sand  had  become  so  "dead"  in  the  vicinity  of  the  well  that  it  lacked 
the  "life"  to  enter  the  casing  and  continued  to  obstruct  the  path 
of  better  "pay."     The  same  conditions  apparently  explain  similar 
failures  when  a  well  was  reperforated,  but  in  such  a  case  there  is 
always  the  element  of  doubt  that  arises  whenever  a  perforating 
machine  is  used.    These  cases  occurred  with  a  very  loose  oil  sand 
containing  an  asphaltic  crude  of  14.5°  Be', gravity  and  were  un- 
doubtedly influenced  by   nearby  wells  having  established  strong 
drainage  channels.     In  any  event,  the  fact  remains  that  they  pro- 
duced no  sand  and  very  little  oil,  and  that  these  conditions  could 
not  be  improved.    Furthermore,  there  was  no  local  variation  in  the 
reservoir   or  other   controlling   factors   to    account    for   this    phe- 
nomenon. 

On  the  other  hand,  when  a  well  is  properly  equipped  and  pro- 
duces great  quantities  of  sand  with  the  oil  a  large  area  of  lower 
density  is  gradually  established  around  the  casing  and,  unless  en- 
croaching water  is  present  in  quantity,  this  removal  of  sand  must 
inevitably  lead  to  the  formation  of  a  cavity.  This  cavity  probably 
assumes  the  form  of  an  inverted  cone  as  sand  continues  to  be  re- 
moved while  new  sand  with  its  oil  flows  by  gravity  down  the 
slopes  of  this  subterranean  funnel  and  supplies  the  well  with  fresh 
material.  The  shape  of  the  cavity  is  undoubtedly  influenced  by  the 
dip  of  the  strata,  when  marked,  and  by  the  disturbing  efi^ect  of 
nearby  wells.  That  a  cavity  forms,  however,  cannot  be  disputed. 
Sand  slips,  damaged  casing,  and  collapse  of  the  cover  rock  evidence 
such  a  cavity  in  addition  to  the  impossibility  of  otherwise  explain- 
ing the  eflect  of  removing  the  tremendous  volume  of  sand  that 
wells  have  been  known  to  produce. 

It  would  be  interesting  to  know  when  the  slopes  of  these  cavi- 
ties reach  an  angle  of  repose  and  experiments  with  saturated  oil 
sand  on  the  surface  should  prove  most  instructive.  The  fact  that 
wells  producing  from  unconsolidated  pay  sands  gradually  diminish 
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in  their  output  of  sand  may  indicate  the  approaching  stability  of 
these  underground  slopes,  and  evidence  presented  in  later  para- 
graphs strengthens  such  belief. 

Having  attempted  to  show  the  necessity,  not  only  of  removing" 
sand  in  order  to  recover  the  maximum  quantity  of  oil,  but  the  favor- 
able results  of  such  removal  in  cavity  formation  with  its  accom- 
panying low  pressures  and  "live  slips,"  the  mechanical  handling^  of 
this  sand  will  now  be  described. 

Function  of  screen  casing. — Screen  casing  of  proper  mesh  serves 
its  best  usefulness  in  permitting  the  regulated  entry  of  the  maxi- 
mum amount  of  sand  and  oil  while  excluding  gravel  and  small 
stones  which  would  "sand  up"  the  pump  by  sticking  the  valves,  or 
otherwise  prevent  its  proper  action.  It  probably  serves  another 
use  in  that  it  results  in  a  more  even  distribution  of  the  oil  and  sand 
channels  radiating  from  the  well  than  is  the  case  with  ordinary 
perforations.  This  even  drainage  of  sand  and  oil  equalizes  the 
pressure  in  all  directions  around  the  casing,  whereas  the  use  of  a 
perforating  machine  may  result  in  the  sand  being  drained  from  one 
side  more  than  the  other,  thus  creating  a  pressure  against  the 
casing.  This  unequal  drainage  due  to  faulty  perforation  is  an  ar- 
gument for  the  use  of  screen  pipe  and  a  possible  explanation  of 
deflection  and  damage  to  oil  strings. 

One  type  of  wire-wound  screen  utilizes  "keystone  wires"  whose 
function  is  to  prevent  clogging  of  the  mesh — the  space  between 
the  wires  increasing  radially  and  thus  permitting  any  substance 
that  enter?,  to  pass  through  unhindered.  An  exceptionally  large 
screening  surface  is  exposed  to  the  sand  with  this  type  in  that  the 
wires  between  the  perforations  are  utilized  as  fully  as  those  di- 
rectly over  the  openings. 

Another  type  called  "wireless"  or  "button"  screen  is  especially 
adapted  for  work  with  cable  tools,  as  it  will  withstand  hard  usage 
and  the  driving  and  pulling  often  necessary  with  that  system  in 
drilling  through  unconsolidated  sands. 

The  selection  of  the  proper-sized  mesh  depends  upon  the  physi- 
cal character  of  the  sand,  viscosity  of  the  oil  and  the  gas  pressure. 
The  mesh  should  be  of  sufficient  size  to  allow  the  maximum  entry 
of  sand  and  oil  while  excluding  pebbles  and  small  stones.  This  is 
best  determined  by  practical  experiment  above  ground.  Other 
things  being  equal,  a  high-viscosity  oil  demands  a  coarser  mesh 
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than  one  of  low  viscosity.    A  screen  made  up  of  five  wires  to  the 
inch  proved  most  effective  with  a  moderately  fine  sand  carrying  oil 
of  14°  to  J5°  Be',  gravity.    The  erroneous  belief  that  the  function 
of  screen  casing  is  to  prevent  the  entry  of  sand  in  oil  wells,  with  the 
consequent  avoidance  of  pumping  troubles,  leads  to  the  selection 
of  too  fine  a  mesh  in  many  instances.     The  mesh  should  be  too 
coarse  rather  than  too  fine.    Screen  pipe  came  into  use 
and  was  devised  in  connection  with  water  wells  and  it 
-wa.s  natural  that  the  same  rules  were  thought  appli- 
cable when  it  was  introduced  in  the  oil  fields. 

Pumping  the  sand  and  oil. — Assuming  that  a  well 
"has  been  properly  drilled,  thoroughly  washed,  screen 
casing  set,  and  that  sand  and  oil  are  passing  freely 
through  the  mesh,  the  most  efficient  device  to  bring  . 
the  sand  and  oil  to  the  surface  is  the  plunger  pump 
<Fig.  97).  Although  many  wells  flow  naturally  for  a 
time  or  may  be  agitated  by  periodically  moving  an 
"agitator  string,"  and  others  containing  much  water 
may  be  pumped  with  an  air  lift,  the  standard  equip- 
ment for  handling  sand  is  the  plunger  pump.  This 
device  consists  essentially  of  an  outside  cylinder  or 
"working  barrel"  and  a  hollow  plunger  with  upper 
and  lower  valves  {Fig.  97).  Although  simple  in  prin- 
ciple, these  pumps  are  very  carefully  made  of  the  best 
material  and  ground  to  an  exact  fit,  and  their  proper 
installation  and  operation  require  experience  and 
knowledge  in  order  to  obtain  the  best  results  in  the 
removal  of  the  sand.    The  working  barrels  are  made  pj^  „ 

in  lengths  from  42  to  GO  inches  and  from  2  to  4  inches  ^™"  forking 
diameter.  A  common  size  is  3  by  60  inches  for  the  ^in'e^'un1'*' 
"renewable"  or  liner  pump  with  extension  and  top  col- 
lars at  both  ends.  This  is  one  of  the  best  types  of  pumps  for  hand- 
ling sand,  as  the  upper  portion  of  the  plunger  does  not  leave  the 
barrel  and  therefore  is  not  in  contact  with  sand  on  its  downward 
stroke.  The  standing  valve  barrel  is  carried  on  a  -3  by  24  inch  nipple 
which  allows  the  plunger  to  pass  below  the  lower  end  of  the  barrel 
on  each  stroke,  thus  retarding  the  entry  of  sand  between  the  plunger 
and  barrel. 

Pump  operation. — A  properly  installed  and  operated   plunger 
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pump  will  handle  a  surprising  quantity  of  sand ;  in  fact,  it  may  be 
said  that  it  is  capable  of  pumping  sand  containing  oil  rather  than 
oil  containing  sand.  It  is  not  at  all  unusual  for  one  of  these  pumps 
to  handle  a  mixture  containing  50  per  cent  of  sand  by  volume.  A. 
careful  record  should  be  kept  of  the  performance  of  the  pump  on 
each  well;  depth  at  which  it  is  pumping,  date  when  new  valve 
seats  or  balls  were  substituted  for  the  old,  when  the  barrel  was  re- 
newed and  on  what  date  the  tubing  was  lowered.  The  lasting- 
qualities  of  a  pump  are  directly  dependent  upon  the  quantity  of 
sand  produced  and  as  this  varies  with  each  well  the  importance  of 
keeping  a  record  of  pump  performance  is  apparent.  A  barrel  may 
require  renewal  every  six  weeks  on  one  well  while  on  another  it 
shows  but  slight  wear  after  three  months'  use. 

The  common  practice  of  allowing  a  well  to  pump  until  the  bar- 
rel becomes  so  worn  that  the  production  dwindles  to  a  small  stream 
or  until  some  accident  or  breakage  necessitates  pulling  should  be 
condenmned.  Each  pumping  well  should  be  studied  and  every  ef- 
fort made  to  maintain  the  production  not  only  of  oil  but  of  sand. 

The  well  should  be  tubed  to  such  a  depth  that  the  maximun:i 
quantity  of  sand  which  the  pump  is  capable  of  handling  reaches  the 
barrel  at  all  times.  This  point  can  be  determined  only  by  experi- 
ment and  gradual  lowering  of  the  tubing  as  sand  production  dim- 
inishes. Continued  pumping  of  sand  may  save  expense  and  labor  of 
cleaning  out  "dead"  sand  with  tools  and  bailer. 

In  order  to  determine  the  exact  condition  of  the  barrel  and 
plunger  it  is  essential  that  both  be  removed  from  the  well,  washed 
with  distillate  and  then  tested  for  fit  and  the  absence  of  lateral  play 
between  the  plunger  and  the  barrel. 

The  common  practice  of  removing  only  the  rods  and  plunger  for 
examination  is  to  be  condemned. 

The  pumping  of  sand  is  troublesome  and  means  much  work 
around  the  wells.    For  this  reason  there  is  a  tendency  to  avoid  it. 

A  long  stroke  is  advisable  for  pumping  wells  producing  sand 
and  the  wrist  pin  should  be  carried  in  the  "second  hole." 

If  a  valve  becomes  clogged  with  small  gravel  or  sand  it  may 
often  be  freed  by  "shaking  up  the  well"  or  running  the  pump  at 
high  speed  for  a  few  strokes.  Twenty-five  strokes  to  the  minute 
is  the  usual  pumping  rate  when  the  rods  drop  freely  and  prevents 
the  sand  from  settling. 
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HOT  OILING» 

Methods  of  overcoming  a  decline  in  production. — After  a  well 
has  produced  sand  for  a  time  varying  from  months  to  years  it  grad- 
ually diminishes  in  output  even  though  the  well  is  tubed  to  bottom. 
Tn  such  cases  several  methods  are  used  to  "liven  up"  the  well  and 
increase  production.  Steam  has  been  used  in  such  wells  and 
**swabbing"  is  commonly  practiced,  but  the  best  method  is  prob- 
ably the  introduction  of  hot  crude  oil.  Where  this  method  fails  it  is 
undoubtedly  caused  by  faulty  casing,  either  screen  or  perforated, 
or  the  hot  oil  is  improperly  applied. 

The  best  practice  is  to  heat  about  100  barrels  of  crude  almost 
to  the  boiling  point  and  allow  it  to  flow  by  gravity  or  pump  it  dowu 
the  well  casing.  It  is  usually  treated  in  a  nearby  tank  with  steam 
coils  and  although  some  operators  introduce  it  through  the  tubing 
this  practice  has  the  disadvantage  that  the  necessary  stoppage  of 
the  pump  may  cause  it  to  sand  up. 

The  effect  of  the  hot  oil  is  to  wash  the  screen  or  perforations 
and  to  lower  the  viscosity  of  the  underground  supply,  causing  both 
the  oil  and  sand  to  flow  more  readily  toward  the  well. 

The  hot  oil  need  not  remain  in  the  well  for  more  than  one-half 
to  three-fourths  of  an  hour  and  is  then  pumped  out  together  with 
large  quantities  of  sand  and  "live"  oil,  oftentimes  acompanied  by 
considerable  gas.  It  frequently  happens  that  so  much  sand  enters 
the  well  following  this  treatment  that  the  pump  is  unable  to  handle 
it,  in  which  case  two  or  three  joints  of  tubing  are  removed,  the 
barrel  afterward  being  gradually  lowered  as  the  sand  becomes  ex- 
h«'iusted.  After  a  few  weeks  the  pump  again  reaches  bottom,  when 
another  hot  oiling  is  given. 

There  is  no  fixed  rule  as  to  the  frequency  of  this  treatment. 
This  can  be  determined  only  by  experiment  and  is  largely  depend- 
ent upon  the  age  of  the  wells.  In  some  cases  it  may  be  applied 
once  a  week  with  beneficial  results  while  in  others  once  a  month 
is  sufficient. 

Quantity  of  sand  produced. — This  is  a  most  interesting  subject 
but,  unfortunately,  exact  figures  on  the  actual  quantity  of  sand  pro- 
duced by  flowing  or  pumping  wells  are  unavailable. 

In  speaking  of  the  sand  produced  by  wells  in  Russia,  Mr. 
Thompson  says:    "The  oil  from  fountains  is  commonly  accompa- 

«Wm.  Kobbe  in  Trans.  A.  I.  M.  E.,  Volume  LVI. 
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nied  by  an  equal  bulk  of  sand,  large  numbers  of  stones,  and  the 
liberation  of  millions  of  cubic  feet  of  gas  which  becomes  disengag^ed 
from  the  oil  on  its  exit  from  the  tube.  A  recent  Bibi-Eibat  spouter 
on  plat  No.  29  gave  as  much  as  10,000  tons  of  oil  and  10,000  tons  of 
sand  in  a  day,  and  in  a  few  weeks  yielded,  in  addition  to  several 
million  poods  of  oil,  no  less  than  1,700,000  cubic  feet  (85,000  tons) 
of  sand;  an  amount  which  will  be  better  appreciated  when  it  is 
realized  that  this  quantity  of  material  would  raise  the  natural  level 
of  the  ground  on  one  dessiatine  nearly  14  feet,  or  cover  an  acre  of 
land  to  a  depth  of  40  feet." 

The  famous  gushers  of  California  and  other  loose-sand  fields 
have  expelled  tremendous  quantities  of  sand  which  in  some  cases 
have  completely  buried  the  engine  house,  belt  house,  and  the  lower 
panels  of  the  derrick. 

"In  the  old  Sunset  field  wells  that  have  a  strong  gas  pressure 
produce  more  sand  than  any  others  in  the  state,  it  being  estimated 
that  sometimes  as  miich  as  two-third^  of  the  gross  yield  of  the  wells 
is  sand.  One  well  alone  produced  over  110,000  cubic  feet  of  sand 
in  about  four  years,  and  another  has  yielded  almost  as  much  in  two 
years.  The  yield  of  sand  gradually  decreases  with  the  age  of  the 
well,  but  at  no  time  entirely  ceases.  These  peculiar  conditions — 
soft  sand  in  great  quantities  accompanying  the  flow,  heavy  oil,  and 
strong  gas  pressure — make  the  problem  of  well  operation  in  this 
field  difficult." 

Some  pumping  wells  in  the  north  Midway  field  produce  sand 
at  the  rate  pf  over  200,000  cubic  feet  a  year  and  careful  measure- 
ments would  probably  show  that  this  amount  is  actually  produced 
in  a  year  or  even  exceeded. 

Oil  separation  and  sand  disposal. — The  separation  of  oil  and 
sand,  although  more  fully  accomplished  above  ground,  is  one  of 
the  difficult  problems  connected  with  production  from  unconsoli- 
dated sands.  With  low-gravity,  viscous  oils  and  great  volumes  of 
sand,  nothing  has  been  found  to  take  the  place  of  the  open-air 
''sump"  which  is  simply  an  excavation  made  near  the  well  with 
teams  and  scrapers.  The  sand  collects  in  great  piles  in  these  sumps 
while  the  oil  separates  by  gravity  and  is  pumped  from  the  lowest 
point  in  the  depression.  With  heavy  oil  the  loss  through  evapora- 
tion and  percolation  is  slight,  as  it  has  been  determined  that  it  does 
not  penetrate  the  ground  for  more  than  a  few  inches.     Light  oils. 
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however,  should  not  be  allowed  to  flow  into  sumps  ,as  the  loss  is 
undoubtedly  great;  but  when  accompanied  by  much  sand  other  dis- 
position is  difficult.  As  the  piles  of  sand  are  gradually  freed  of 
their  oil  content  they  become  fairly  dry  and  a  crust  is  formed  on 
their  surface  which  will  bear  the  weight  of  a  man. 

Many  tanks,  settling  boxes  and  other  devices  have  been  de- 
signed for  the  separation  of  oil  and  sand  but  with  little  success. 
Most  ofthese  devices  are  entirely  lacking  in  scientific  principle  and 
are  carelessly  constructed  affairs  designed  by  the  workers  in  the 
fields  and  their  failure  is  in  large  means  due  to  these  facts.  An 
efficient  means  of  separating  light  oils  and  sand  can  undoubtedly 
be  devised  and  would  prove  of  great  benefit  to  the  producer. 
Heavy  oils  being  much  more  difficult  to  separate,  of  less  market 
value  ,and  of  high  viscosity,  may  be  most  economically  handled 
in  properly  constructed  sumps. 

The  great  disadvantage  of  such  excavations  is  the  space  they 
occupy,  their  unsightly  appearance,  and  the  huge  deposits  of  sand 
which  gradually  surround  the  well.  The  removal  of  this  sand  fi- 
nally becomes  imperative  when  all  available  space  for  new  sumps 
has  been  utilized,  but  its  disposal  is  a  problem. 

The  only  use  to  which  it  could  be  put  in  the  north  Midway  was 
road  surfacing  and  although  this  is  possibly  a  very  good  use  it  is 
a  more  or  less  expensive  one.    The  method  used  is  simple. 

When  a  sump  had  been  drained  of  its  oil  and  the  sand  had 
become  sufficiently  dry,  it  was  loaded  upon  wagons  and  distributed 
on  the  many  dirt  roads  traversing  the  property.  The  roads  were 
sometimes  dragged  to  prepare  them  for  the  sand  but  this  was  fre- 
quently dispensed  with.  A  layer  of  sand  two  inches  thick  was  suf- 
ficient to  surface  the  ordinary  road,  which  was  immediately  opened 
for  traffic  in  order  that  the  sand  might  become  packed.  The  roads 
in  that  section  of  the  country  were  in  very  poor  condition,  being 
formed  from  use  and  never  constructed  or  built.  They  were  deep 
with  dust  and  ruts  and  the  beneficial  results  attained  through  the 
use  of  oil  sand  was  truly  remarkable.  This  sand  as  it  comes  from 
the  sumps  contains  sufficient  oil  to  stain  the  hands  and  serves  as  a 
binding  material  for  the  road  surface.  It  soon  packs  into  a  durable 
layer  of  asphaltum-like  hardness.  It  withstands  the  traffic  of  heavy 
automobile  trucks  and  is  easily  maintained  by  occasional  dressings 
of  fresh  sand  in  the  summer  when  the  heat  softens  the  mixture. 
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Further  Details  Concerning  Pumping  Equipment' 

Other  types  of  pumps,  less  commonly  used  in  the  best  practices 
of  the  present  day,  employ  various  kinds  of  plunger  packing,  such 
as  leather  cups  and  steel  rings,  hemp  rope,  and  leather  and  fiber 
rings  of  various  kinds.  Cups  are  used  where  the  oil  is  light  and 
carries  little  or  no  sand,  as  in  the  eastern  fields.  In  California  they 
are  employed  only  after  the  common -plunger  has  been  slightly 
worn.  For  details  of  construction  reference  may  be  made  to  the 
catalogues  of  oil  well  supply  houses. 

The  plunger  of  the  plunger  pump  generally  is  operated  by  means 
of  steel  sucker  rods,  but  in  a  few  types  by  wire  rope  or  wooden 
rods.  It  is  estimated  that  the  average  life  of  a  steel  sucker  rod, 
pumping  oil  of  a  gravity  of  about  0.9655  (15°  B.)  and  containing 
some  sand,  is  about  two  years,  although  in  wells  producing  very 
heavy  oil  and  great  quantities  of  sand  light  rods  break  almost  daily. 
Most  of  the  rods  are  30  feet  in  length,  and  the  number  of  screw 
joints  is  sometimes  reduced  by  welding  together  two  or  three  such 
rods.  In  some  properties  it  is  customary  from  time  to  time  to  an- 
neal or  soften  the  rods  by  heating  them  in  closed  ovens  and  allow- 
ing them  to  cool  gradually. 

The  life  of  the  tubing  at  the  end  of  which  the  pump  is  placed, 
varies  greatly,  but  under  ordinary  conditions  it  should  approximate 
four  years.  In  some  fields  producing  light  oil  and  no  sand,  tubing 
has  been  used  for  10  years  and  is  still  in  good  condition.  In  the 
crooked  holes,  in  which  the  oil  was  heavy  and  carried  sand,  the 
tubing  has  been  known  to  wear  out  in  one  year.  One  of  the  most 
important  causes  of  wear  on  tubing  is  its  repeated  removal  from 
the  well.    Such  removal  is  necessary  in  certain  territories. 

A  large  number  of  the  difficulties  encountered  in  pumping  wells 
may  be  traced  to  the  wearing  of  rods,  barrels,  and  valves  by  sand, 
which  usually  accompanies  the  oil.  The  association  of  oil  and  sand 
exists  to  a  greater  or  lesser  extent  in  all  of  the  San  Joaquin  Valley 
fields  and  becomes  extremely  troublesome  when  the  cutting  action 
of  the  sand  is  intensified  by  the  presence  of  gas  under  pressure. 
In  wells  where  conditions  accelerate  the  wearing  action  of  sand, 
the  pump  barrels,  valve  balls,  and  valve  seats  have  to  be  removed 
almost  daily.     In  properties  where  no  sand  Is  encountered  in  the 

'From  Arnold  &  Gariias  "Methods  of  Oil   Recovery  in  California/'  U.   S.   Bureau  of 
Mines  Technical  Paper  No.   20. 
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wells  it  is  sometimes  introduced  when  the  wells  are  being  cleaned. 
This  was  the  case  in  the  Santa  Maria  field,  where  the  rods  were 
laid  on  sandy  ground,  and  the  sand,  adhering  to  the  sticky  oil  on 
the  rods,  was  subsequently  taken  into  the  well.  The  trouble  was 
easily  eliminated  by  placing  the  rods  on  wooden  platforms  built 
for  the  purpose.  If  the  balls  and  seats  are  not  greatly  damaged  they 
can  be  ground  to  perfect  fit  by  proceeding  as  follows : 

(1)  Charge  a  glass  plate  with  carborundum  and  oil. 

(2)  Place  the  steel  ball  on  the  plate  and  the  valve  seat  in  posi- 
tion on  the  ball. 

(3)  Holding  the  seat  in  the  hand,  describe  a  figure  8,  keeping 
the  seat  pressed  against  the  ball  and  the  ball  against  the  plate. 
In  order  to  ascertain  when  a  perfect  fit  has  been  attained,  it  is 
necessary  only  to  observe  whether  the  ball  adheres  to  the  seat 
when  a  partial  vacuum  is  created  by  placing  the  mouth  against  the 
seat  and  drawing  the  breath  strongly. 

The  frequency  of  cleaning  wells  and  replacing  pump  valves  and 
barrels  has  a  most  decided  effect  on  the  producing  time  and,  there- 
fore, on  the  quantity  of  oil  recovered  and  the  power  consumed. 
The  time  spent  in  cleaning  is  controlled  by  the  decrease  in  pro- 
duction, and  in  some  wells  the  production  thus  lost  represents  an 
important  part  in  economic  life. 

Capacity  of  piunp. — The  theoretical  capacity  of  the  plunger 
pump  depends  on  the  size  of  the  pump  and  the  length  and  number 
of  strokes  per  minute.  The  pump  in  most  common  use  has  an  in- 
ternal diameter  of  2^  inches.  The  pumping  stroke  varies  from  20 
to  35  inches,  the  average  being  about  20  strokes  per  minute. 

Assuming  these  average  pumping  conditions  (a  2^-inch  pump 
working  at  a  speed  of  20  strokes  per  minute,  with  a  length  of  stroke 
of  23  inches),  the  ideal  daily  capacity,  without  allowance  for  leak- 
age, will  be  about  400  barrels.  Although  the  pumping  speed  and 
the  length  of  stroke  on  which  these  figures  are  based  are  exceeded 
in  actual  practice,  it  is  doubtful  whether,  if  the  losses  due  to  leakage 
be  included,  the  average  working  capacity  of  a  2^-inch  oil  pump, 
in  wells  of  average  depth  and  in  which  gas  does  not  help  the  action 
of  the  pump,  can  be  much  greater  than  400  barrels  a  day.  In  actual 
practice,  owing  to  the  varying  quality  of  the  oil,  the  percentage  of 
sand  and  sediment,  and  the  generally  poor  condition  of  tubing  and 
pumps,  with  consequent  leakage,  the  results  obtained  are  generally 
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much  lower  than  this  figure.  It  should  be  remembered,  however, 
that  a  400-barrel  well  contains,  as  a  rule,  enough  gas  to  alter  mate- 
rially these  figures  and  increase  greatly  the  over-all  production. 

The  figures  in  the  following  table  represent  actual  conditions  in 
wells  of  different  depths,  taken  at  random,  and  serve  to  emphasize 
the  fact  that  there  is  no  set  rule  to  be  followed  in  operating  pumping 
wells  and  that,  in  order  to  obtain  the  best  results,  an  individual 
study  is  necessary. 

Records  of  Operation  of  Pumping  Wells 


Depth 
Feet 

Strokes  Per 
Low    High 

Min. 
Av. 

Pro- 
duction 
BbU 

Freq.  of 
clean- 
ing 
Months 

Freq.  of 
plungers 
&  bbls. 
Days 

Freq.  of 
seats  or 
balls 
Days 

Age  of 

Well 

Years 

700 

•   • 

■  • 

18 

15 

•   • 

•   •    • 

•    ■    a 

•  % 

900 

•   • 

•  • 

30 

5 

6 

270 

120 

6 

1000 

•   • 

•    m 

20 

40 

■  ■ 

90 

7 

14 

1500 

16 

20 

19 

30 

•  • 

18 

18 

2.5 

2000 

19 

22 

20 

100 

■  • 

20 

18 

2.6 

2500 

20 

30 

25 

200 

24 

30—180 

30—180 

12 

3000 

20 

26 

23 

180 

12 

30—180 

30—180 

12 

CENTRAL-POWER  AND  JACK-PUMPING  PLANTS* 

A  central-power  and  jack  system  for  pumping  oil  wells  is  one  in 
which  power  is  transmitted  from  a  central  plant  to  the  surrounding 
wells  by  purely  mechanical  means. 

The  pumping  of  oil  wells  from  a  central  power  station  was  a 
gradual  development,  as  is  shown  by  the  number  of  patents  allowed 
on  different  systems  between  1875  and  1885.  Most  of  the  early 
systems  were  based  on  an  oscillating  motion,  either  a  "pull-wheel 
system,"  or  a  "push-and-puH"  system.  The  various  pull-wheels 
were  actuated  by  pitmans  connected  with  horizontal  or  vertical  ro- 
tating shafts.  The  earliest  systems  were  developed  in  the  Franklin 
and  Oil  Creek  districts  in  Pennsylvania.  In  a  typical  plant  the 
two  ends  of  a  vertical  band-wheel  were  cranked  so  as  to  drive  two 
horizontal  pitmans  were  connected  to  a  circular  horizontal 
table  in  such  a  manner  as  to  perform  one-fourth  of  a  revolution 
and  then  return  to  its  former  position.  To  the  circumference  of 
the  horizontal  table,  from  2  to  15  connections  were  made  in  such  a 
way  that  the  corresponding  wells  were  pumped  by  connection  to 
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the  pitman  and  walking-beam  at  the  well.  The  pull  came  on  the 
down  stroke  of  the  pump. 

The  first  use  of  the  jack  systems  in  the  California  fields  was 
when  a  pumping-jack  at  one  of  the  wells  was  operated  by  means  of 
a  "jerk-line"  attached  to  the  crank  at  an  adjacent  well.  Some  of 
these  systems  are  still  in  use.  The  introduction  of  a  central  pump- 
ing power  usually  occurs  after  the  development  days  of  a  field  are 
past,  and  it  is  found  necessary  to  reduce  production  costs  because 
of  decline  of  production.  The  old  Los  Angeles  City  field  was  the 
first  of  the  California  oil  fields  in  which  the  central  power  made  its 
appearance.  The  other  Coast  Fields  and  the  Kern  River  field  fol- 
lowed, and  later  the  older  parts  of  the  field  on  the  west  side  of  the 
San  Joaquin  valley.  During  this  time,  pumping  by  jacks  has  been 
adapted  to  a  greater  range  of  service,  because  of  improved  methods 
and  heavier  construction. 

At  the  present  time,  pumping  by  means  of  a  central  power  and 
jack-system  is  adapted  to  the  operation  of  oil  wells,  where  there  is 
little  trouble  from  either  sand  or  water,  and  where  the  output  is 
declining.  The  following  are  the  conditions  to  which  this  method 
is  suited: 

(1)  Depth.  Up  to  1500  feet  in  California,  2500  feet  in  Eastern 
Fields  where  the  oil  is  lighter. 

(T2)  Gravity.    14°  Baume  and  lighter. 

(3)  Frequency  of  cleaning  required.    Up  to  twice  a  month. 

(4)  Production.    5  to  125  barrels  per  day. 

(5)  Position  of  wells.     Any  compact  group. 

(6)  Topography.    No  limitation. 

Before  proceeding  further  let  us  consider  briefly  the  construc- 
tion and  operation  of  the  oil  well  pumps.  Although  varying  in 
structural  details,  the  mechanical  principle  of  all  the  plunger  pumps 
used  in  oil  wells  is  practically  the  same.  These  pumps  consist  of 
the  following  parts: 

1.  A  "working-barrel"  polished  on  the  inside,  which  is  screwed 
into  the  end  of  a  "string"  of  tubing,  or  else  between  the  joints  of 
tubing  at  or  near  the  bottom  of  the  well.  In  Californian  practice 
the  diameter  of  the  tubing  is  usually  2,  2J4  or  3  inches,  and  the 
diameter  of  the  working-barrel  conforms  with  this. 

2.  At  the  bottom  of  the  working-barrel,  the  "standing-valve," 
which  is  a  ball-valve  in  a  cage,  is  attached. 
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3.  Within  the  working-barrel  is  fitted  a  cylindrical  plunger, 
polished  on  the  outside. 

4.  On  top  of  this  plunger  is  the  "working-valve,"  which  is  an- 
other ball-valve  in  a  cage,  at  the  top  of  which  the  "sucker-rods'* 
are  attached. 

The  plunger  and  working-valve  are  given  a  vertical  recipro- 
cating motion  by  means  of  sucker-rods,  which,  in  California,  are 
made  of  }i  or  J^-inch  steel  with  joints  about  20  feet  long.  These 
sucker-rods   extend   through    the   tubing  to   a  connection   with    a 


Fig.  98. — ^Jack  line  hardware. 

polish-rod,  which  passes  through  a  stuffing-box  at  the  upper  end 
of  the  tubing  and  connects  with  the  walking-beam  or  the  pumping- 
jack,  as  the  case  may  be. 

In  considering  one  complete  stroke  of  the  pump,  let  us  assume 
that  the  plunger  is  at  its  lowest  position,  with  both  ball  valves 
closed.  When  the  up-stroke  begins,  the  upper  or  working-valve 
remains  closed  because  of  the  weight  of  oil  above  it.  The  lower 
or  standing-valve  opens  because  of  the  oil  and  gas  pressure,  and  the 
tendency  to  produce  a  vacuum  within  the  working-barrel.     When 


OPERATION  OF  PROPERTIES  295 

the  plunger  has  reached  its  highest  position,  the  working-barrel, 
theoretically,  is  full  of  oil,  and  both  valves  are  momentarily  closed. 
When  the  down-stroke  begins,  the  lower  valve  remains  closed, 
while  the  upper  valve  is  forced  open  ,and  the  oil  passes  through  it. 
On  the  up-stroke  following,  this  oil  is  raised  in  the  tubing. 

In  California,  the  practice  is  to  pump  with  a  15  to  35-inch 
stroke,  at  a  rate  of  15  to  30  strokes  per  minute.  Using  3-inch 
tubing  and  a  working-barrel  with  an  internal  diameter  of  2}^- 
inches,  a  23-inch  stroke,  and  at  20  strokes  per  minute,  the  theo- 
retical maximum  production  is  400  barrels  per  day. 

The  gas  pressure  in  a  well  has  the  effect  of  forcing  more  oil 
into  the  working-barrel,  and  of  raising  the  oil  in  the  tubing.  Con- 
sequently, a  well  that  produces  considerable  gas  may  sometimes 
produce  more  oil  than  the  theoretical  capacity  of  the  pump.  On 
account  of  the  viscosity  of  the  oil  and  the  sand  and  other  foreign 
matter  pumped  with  the  oil,  the  working-barrel  will  not  fill  with 
oil.  Because  of  this  and  also  because  of  slippage,  the  amount  of 
oil  pumped  is  usually  much  less  than  the  theoretical  capacity  of 
the  pump. 

The  relation  between  the  stroke,  frequency,  and  production 
of  the  well  is  dependent  upon  the  well  itself,  and  will  change  with 
the  changing  conditions  within  the  well  ,such  as : 

1.  Gra\ity  of  oil. 

2.  Sand  conditions. 

4.  Amount  of  water  present. 

5.  Condition  of  pump  and  valves. 

6.  Strength  of  rods. 

This  makes  it  necessary  to  study  each  well  continually,  in  order 
to  obtain,  not  necessarily  the  maximum  production,  but  the  pro- 
duction most  consistent  with  the  best  results  on  the  entire  porperty. 

The  load  is  fluctuating,  especially  in  a  deep  well.  When  the 
pumping  is  done  by  a  steam  engine,  the  latter  is  run  directly  on 
the  throttle,  and  without  a  governor,  so  that  the  fluctuation  is 
greater  than  with  a  gas  engine,  motor,  or  pumping-jack.  A  non- 
uniform stroke  with  a  slower  speed  on  the  up-stroke  than  on  the 
down-stroke,  throws  less  strain  on  the  rods,  but  a  regular  move- 
ment raises  more  oil,  and  makes  cleanings  less  frequent. 

Cleaning  or  "pulling"  a  well  must  be  done  at  regular  intervals 
in  order  to  arrest  "the  decline  of  production,  and  to  replace  worn- 
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out  parts  in  the  pump.  It  is  seldom  that  more  than  10  h.  p.  is  re- 
quired for  pumping  a  well,  even  on  the  beam,  while  about  20 
h.  p.  is  needed  for  pulling  the  pump  and  rods,  and  25  to  30  h.  p. 
for  pulling  tubing. 

A  central-power  and  jack-pumping  plant  may  be  divided  into 
three  parts,  the  central  power  plant,  the  transmission  lines,  and 
the  pumping-jack  at  the  well. 

The  central-power  plant. — Steam  power  has  been  used,  but 
either  the  gas  engine  or  the  electric  motor  is  now  preferred.  Where 
the  wells  on  the  property  produce  enough  gas  to  run  the  plant,  as 
is  usually  the  case,  the  gas  engine  is  generally  chosen. 

The  push-and-pull  system  already  described  is  used  in  a  num- 
ber of  cases  although  modified  considerably  from  the  earlier  in- 
stallations. A  single-disk  power  can  handle  from  6  to  20  wells, 
with  depths  ranging  from  1,000  to  2,000  feet,  depending  upon  the 
iL^^ravity  of  the  oil.  A  double-disk  power  can  handle  from  14  to  25 
wells,  the  depths  ranging  from  1,600  to  2,500  feet.  In  general  this 
type  of  power  cannot  handle  as  many  wells  as  the  eccentric  system. 

In  the  eccentric  system  there  is  a  pull  on  the  up-stroke  of  the 
plunger  at  the  well,  and  no  push  on  the  down-stroke.  The  down- 
stroke  is  caused  by  the  weight  of  the  column  of  oil  on  the  plunger 
and  the  weight  of  the  sucker  rods,  assisted  by  any  counter-balanced 
weight-boxes  that  may  be  necessary.  There  are  two  types,  the, 
band-wheel  type  and  the  geared-wheel  type. 

The  band-wheel  is  placed  with  the  shaft  vertical,  and  is  driven 
by  a  belt  fro^  the  prime-mover,  which  is  given  a  quarter-turn  by 
an  idler  (See  Fig.  106).  The  eccentrics  that  give  the  required 
motion  to  the  rods  leading  to  the  wells  are  fixed  on  the  shaft  of  the 
band-wheel.  The  band-wheel  may  be  made  of  either  steel  or  wood. 
The  heaviest  type  of  steel  band-wheel  is  designed  to  handle  forty 
1500-foot,  twenty  2500-foot,  or  fifteen  3000-foot  wells.  Geared 
wheels  are  usually  designed  for  lighter  service  than  band-wheels. 
They  are  provided  with  one,  two,  or  three  eccentrics,  and  are 
usually  mounted  in  an  iron  frame. 

The  prime  mover,  if  a  motor,  is  generally  connected  to  a  counter- 
shaft by  a  belt  or  chain-drive,  and  thence  to  the  pumping  power 
by  a  quarter-turn  belt  over  an  idler  or  belt-tightener.  By  varying 
the  size  of  the  pulleys  on  the  counter-shaft  and  the  speed  of  the 
motor  or  the  gas  engine,  the  desired  number  of  strokes  per  minute 
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is  obtained  at  the  pumping  power.  The  counter-shaft  should  have 
a  friction  clutch  for  starting  wells  after  the  prime-mover  has  been 
brought  to  a  regular  speed.  In  case  a  motor  is  the  prime-mover, 
a  controller  and  starting  rheostat  can  be  used. 

The  counter-shaft  pulleys  may  be  designed  by  the  following 
formula : 

brn 

=  N 


Ra 
Where  b  equals   radius  of  stnajl  counter-shaft  pulley. 

a    eqiTals  radius  of  large ! counter-shaft  pulley. 

n    equals  speed  of  motor,  revolutions  per  minute. 

r    equals  radius  of  motor-pulley. 

R  equals  radius  of  band-wheel. 

N  equals  speed  of  band-wheel  or  number  of  strokes  per  minute. 
Assuming  that  b  =  10  inches,  n  =  865,  R  =  108,  N  —  18  and    r  =  5,  then 

10  X  5  X  865 

=  222  inch,  radius  of  counter-shaft  pulley. 

108  X  18 

The  belt  or  chain-drive  between  the  prime-mover  and  the  coun- 
ter-shaft causes  little  trouble.  It  is  the  main  belt  between  the 
counter-shaft  and  the  band-wheel  that  should  receive  the  most  at- 
tention and  study.  Of  rubber  belts,  a  12-inch,  6-ply  rubber  belt 
lias  been  found  to  give  the  best  service;  prepared  canvas  belts  are 
also  being  used  with  gratifying  results.  Foundations  for  both 
prime-mover  and  pumping  power  should  be  of  concrete.  Not  more 
than  2J4  h.  p.  is  needed  for  pumping  each  well  connected  with  the 
•central  power. 

Transmission  lines. — While  some  wooden  shackle-rods  are  still 
in  use,  steel  rods  or  cables  are  preferred.  Where  new  material 
must  be  bought  in  either  case,  rods  are  cheaper  than  cable.  Usu- 
ally there  is,  however,  a  lot  of  old  drilling  cable  around  a  property 
that  can  be  used,  and  this  cable,  which  has  had  the  "stretch"  taken 
•out  of  it,  is  even  better  than  new  cable.  On  the  other  hand,  old 
sucker-rods  can  sometimes  be  used.  Irrespective  of  cost,  rods  have 
the  disadvantage  of  crystallizing  and  breaking  and  are  not  so 
suitable  as  cable  where  a  long  stroke  and  a  fast  motion  is  required. 
On  tlie  other  hand,  rods  last  longer  than  cable  and  are  better  for 
long  lines,  although  it  is  advisable  in  such  lines  to  insert  stretches 
^f  cable  about  100  yards  long  in  all  at  intervals  in  order  to  "take 
aip  the  pound." 
,.     Fig.  98  shows  the  line-hardware  required  for  a  jack-pumping 
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system.  If  rods  are  used  instead  of  cable  and  the  vibration  in  the 
hne  is  great,  some  modification  in  the  connection  between  the 
piece  of  hardware  and  the  line  may  be  required,  as  the  vibration  is 
hkely  to  crystallize  the  connection.  The  cable  or  rods  are  usually 
babbitted  into  the  connection. 

Line  structures. — While  the  design  of  the  power-end  and  the 
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pumping-end  is  left  mainly  to  the  oil  well  supply  companies,  the 
design  and  construction  of  the  line  structures  is  usually  done  by 
the  oil  companies  themselves.  Consequently  there  is  a  considerable 
variation  in  design,  and  only  what  seems  to  be  the  preferred  prac- 
tice will  be  described  in  this  article. 

Hold-up  posts. — Should  be  placed  at  approximately  35-foot  in- 
tervals and  buried  4  feet  in  the  ground.  They  should  be  of  4x4-inch 
timbfr,  the  average  length  being  from  5  to  10  feet,  according  to  the 


tig.    lOOi.— Pcndulon  irpe  nultiplier  Fig.    lOOb.— Rocker  type   nmlliplicr 

topography.  Oregon  pine,  redwood,  or  cedar  may  be  used.  If 
Oregon  pine  is  chosen,  oil-sand,  or  earth  mixed  with  oil  should  be 
placed  around  the  posts  to  help  prevent  decay.  All  posts  should 
be  painted  with  oil  once  or  twice  a  year.  The  shackle-line  passes 
through  a  slot  in  the  upper  end  of  the  post.  This  slot  should  be 
kept  greased.     Near  the  power-head,  where  there  is  considerable 
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"side-sweep"  to  the  line  ,it  should  be  boxed  in  at  the  top  of  the 
post  instead  of  running  through  a  groove. 

Throw-ofifs. — It  is  often  desirable  to  discontinue  pumping  a 
well  for  a  time.  This  is  done  by  means  of  a  "throw-off"  at  the  end 
of  the  power-pull  rod.  The  most  satisfactory  type  is  shown  in 
Fig.  102-c.  A  small  hook  is  also  used  at  the  well  to  keep  the  line 
taut  when  disconnected  from  the  pumping-jack. 

Bin  of  Material  for  'Throw-Off 

Lumber 

One  2  by  12-inch  by  8-foot  redwood  post $0.64 

Two  6  by  8-inch  by  5-foot  cedar ^ 

One  2  by  8-inch  by  2-foot  cedar ' 

One  4  by  4-inch  by  20-foot  cedar 2.80 

One  6  by  8-inch  by  8-foot  Oregon  pine 1.12 

One  2  by  8  by  24-inch  hardwood 0.60 

$  5.16 
Hardware 

One  yi  by  6-inch  machine  bolt $0.03 

Two  j4-inch  cut  washers 0.01 

One  2-inch  single  throw-off  hook,  complete : . . .  2.45 

One  1-inch  cast-iron  washer 0.08 

$2.57 

Total  material 7.73 

Labor    5.25 

Total    , $12.98 

Redwood  and  cedar  are  assumed  to  cost  $40;  pine,  $35;  and 
hardwood,  $225  per  M.  B.  M.  In  this  and  the  following  tables  the 
cost  data  should  be  regarded  as  only  approximate.  The  lumber  will 
weight  about  485  pounds  and  the  hardware  about  30  pounds.  At 
the  well  there  should  be  a  single  throw-off  hook  complete,  costing 
:^1.05,  and  two  wire-line  clamps,  costing  $0.50,  or  $1.55  in  all. 

Multipliers  are  used  for  the  following  purposes : 

1.  To  increase  or  decrease  length  of  stroke  between  the  power 
and  the  well. 

2.  To  increase  length  of  stroke  to  compensate  for  the  amount 
lost  in  sagging  lines. 

3.  To  change  direction  of  the  shackle-lines  in  a  vertical  plane. 
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4.  To  aid  in  crossing  over  or  under  a  road.  There  are  two 
types,  the  pendulum  or  surface  type,  shown  in  Fig.  100-A  and  the 
rocker  or  under  ground  type  shown  in  Fig.  100-B.  In  the  rocker- 
multiphers,  the  swingpost  casting  should  be  placed  from  12  to  18 
inches  belc>w  the  surface.  It  should  be  boxed  and  the  boxing 
banked  with  oil  sand.  While  it  is  advisable  to  have  as  long  a 
leverarm  as  possible,  the  swing-post  castings  should  not  be  set  too 


deep  ,as  this  makes  either  oiling  or  repairs  difficult.  As  it  is  best 
to  keep  the  lines  as  near  the  ground  as  possible,  this  type  of  multi- 
plier is  best  adapted  to  rough  country,  and  even  there  it  will  gen- 
erally be  better  to  use  a  pendulum-multiplier.  As  will  be  seen  from 
the  bills  of  material  below,  the  pendulum-multiplier  is  the  cheapest, 
and  it  should  be  used  wherever  the  conditions  will  permit. 
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Bill  of  Material  for  Rocker-Type  Multiplier 

Lumber 

Four  2  by  12-inch  by  5-foot,  redwood $L60 

Two  6  by  8-inch  by  5-foot,  cedar 1.60 

Eight  2  by  12-inch  by  2-foot,  Oregon  pine 

One  6  by  8-inch  by  8-foot,  Oregon  pine 2.24 

$  5.44 
Hardware 

Two  1^-inch  stirrups,  complete $4.70 

Two    stirrup-plates 0.60 

Four  ^  by  10-inch  hook-bolts 0.60 

One  set  swing-post  castings,  complete 12.00 

Eight  }i  by  8-inch  machine-bolts 0.32 

Eight  fi-inch  cut  washers 0.04 

$18.26 

Total  material    23.70 

Labor    5.50 

Total $29.20 

The   lumber  will    weight  340  pounds,   and   the   hardware   255 

pounds,  a  total  of  595  pounds. 

Bill  of  Material  for  Pendulum-Type  Multiplier 

Lumber 

Two  2  by  12-inch  by  4-foot,  redwood $0.64 

Three  6  by  8-inch  by  4-foot,  cedar 

One  2  by  8-inch  by  4-foot  cedar 3.40 

Two  4  by  4-inch  by  12-foot,  cedar 

Two  6  by  8-inch  by  8-foot,  Oregon  pine 

One  6  by  8-inch  by  7-foot,  Oregon  pine 

Four  2  by  6-inch  by  4-foot,  Oregon  pine 

One  2  by  12  by  18-inch,  Oregon  pine 3.89 


$  7.93 


Hardware 

Two  IJ/^-inch  stirrups,  complete $4.70 

Two    stirrup-plates 0.60 

Three  ^  by  9-inch  machine-bolts 0.12 

Four  fi  by  10-inch  hook-bolts 0.60 

Four    ^-inch   cut-washers 0.02 

Six    ^-inch   cut-washers 0.02 

One  1 J/2  by  16-inch  nipple Nominal 


$  6.06 


Total  material    13.99 

Lubor 6.25 

Total  cost   $20.24 
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For  an  increase  in  stroke  the  power-line  is  the  closest  to  the 
swing-post  casting,  and  for  a  decrease  in  stroke,  the  well-line  is  the 
closest.  In  both  types  of  multiplier,  the  outer  stirrup  should  be 
kept  6  inches  from  the  end  of  the  post,  and  the  inner  stirrup  moved 
for  regulation. 

Assuming  a  shackle-line  consisting  of  rods  with  consequently 
no  stretch,  let  us  find  the  arrangement  in  order  to  increase  the 
stroke  from  18  inches  at  the  power  to  24  inches  at  the  well,  using 
J  &  H  jack,  which  does  not  permit  multiplication  at  the  well. 


Fig.    lOl-C—PtndulMm— Hold-down    Typt.  Fig.    103-E— Hooking   Off. 

This  would  be  done  by  two  multipliers  along  the  fine,  or  a 
multiplier  and  counterbalance  that  will  multiply,  allowing  3  inches 
to  each.  If  a  rocker-multiplier  is  used  to  change  from  18  to  21 
inches,  the  distance  between  the  stirrups  is  found  to  be  13  inches. 
Using  a  pendulum-multiplier  for  the  change  from  21  to  24  inches, 
the  distance  is  8J^  inches. 

For  road-crossings,  an  overhead  structure  with  two  "hold-up" 


304  PETROLEUM  PRODUCTION  METHODS 

posts  can  be  used  provided  the  line  is  high  enough.  Other  over- 
head crossings  are  unsatisfactory.  For  an  underground  crossing,  a 
pendulum-multiplier  makes  the  best  structure.  The  bill  of  material 
is  the  same  as  for  a  multiplier,  with  the  addition  of  a  joint  of  "junk" 
casing  to  go  under  the  road. 

Rockers  and  pendulums  are  used  to  change  the  direction  of  the 
line  in  a  vertical  plane,  when  a  multiplier  is  not  needed.  The  fea- 
ture of  this  type  of  construction  is  the  loose  block  of  wood,  or 
"loose-head,"  to  which  the  line  is  fastened.  It  works  freely  with 
a  rotary  motion  in  a  vertical  plane,  and  tends  to  take  up  any  in- 
equalities or  vibration  in  the  line. 

Like  the  rocker-multiplier,  the  plain  rocker  is  to  be  avoided 
whenever  possible,  the  pendulum  being  the  preferred  type  of  struc- 
ture. The  lumber  needed  for  the  rocker  is  the  same  as  for  the 
rocker-multiplier.    The  hardware  is  as  follows : 

Two  J4  by  2  by  24-inch  straps $  1.00 

Two  Ya  by  10-inch  hook-bolts 0.30 

Eleven  ^  by  8-inch  machine-bolts 0.75 

Six  y^  by  8-inch  cut  washers 03 

One  Set  swing  'post  castings 12.00 

$14.08 

Total  cost  material    14.08 

Labor    4.50 


Total,  labor  and  material $24.02 

The  pendulum  is  constructed  like  a  pendulum-multiplier,  except 
that  the  back-braces  are  omitted. 

A  "butterfly"  or  angle  may  be  used  for  the  following  purposes : 

1.  To  change  the  direction  of  the  line  in  a  horizontal  plane  in 
order  to  get  around  an  obstacle,  or  to  run  the  line  from  the  power 
in  some  other  direction  than  that  of  the  well  in  order  to  balance 
the  power  properly. 

2.  To  furnish  an  emergency  connection  between  a  well-motor 
and  the  jack-pump. 

The  line  should  enter  and  leave  the  butterfly  horizontally.  This 
can  be  accomplished  by  the  use  of  either  a  rocker  or  a  pendulum. 
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Following  is  a  bill  of  material  for  a  butterfly : 

Lumber 

One  2  by  12-inch  by  10-foot,  redwood 

One  2  by  12-inch  by  12-foot,  redwood $1.76 

One  6  by  8-inch  by  12-foot,  cedar , 

One  12  by  12-inch  by  6-foot,  cedar 

One  6  by  8-inch  by  3-foot,  cedar 

Two  4  by  4-inch  by  12-foot,  cedar 

One  2  by  12-inch  by  4-foot,  cedar 6.88 

One  6  by  12-inch  by  18-foot,  Oregon  pine 

One  6  by  8-inch  by  14-foot,  Oregon  pine 

Two  4  by  4-inch  by  14-foot,  Oregon  pine 

Two  4  by  4-inch  by  10-foot,  Oregon  pine 

Two  2  by  6-inch  by  12-foot,  Oregon  pine 8.68 


Hardware 

Two  IJ/i-inch  stirrups,  complete $4.70 

One  set  swing-post  castings,  complete 12.00 

Two  stirrup-plates    0.60 

One  1-inch  by  12-foot  double-end  bolt 1.50 

One  1-inch  by  4- foot  3-inch  double-end  bolt 0.60 

One  1-inch  by  7-foot  3-inch  double-end  bolt 1.00 

One  ^  by '15-inch  machine-bolt 0.15 

One  fi  by   19-inch  machine-bolt 0.20 

Four  ^  by  14-inch  machine-bolts 0.50 

Four  }i  by  8-inch  machine-bolts 0.20 

Two  ^  by  9-inch  machine-bolts 0.12 

Four  ii  by  10-inch  hook-olts 0.60 

Eight  ^  by  9-inch  machine-bolts 0.40 

Six   1-inch  cast  washers 0.33 

Four  ^-inch  cast  washers 0.10 

Thirty-two  ^-inch  cut  washers 0.14 

Sixteen  ^-inch  cut  washers 0.05 


$17.32 


$23.19 


Total  cost  of  material 40.51 

Labor    * 22.50 

Total    cost    $63.01 

The  total  weight  of  lumber  is  1200  pounds  and  or  hardware,  400 
pounds,  making  1600  pounds  in  all.  A  lighter  butterfly  can  be  con- 
structed for  places  where  the  service  is  not  so  exacting  at  a  cost  of 
$57.62. 

Where  the  angle  of  deflection  is  small  and  the  service  not  exact- 
ing, a  "hold-out  swing"  or  horizontal  rocker  may  be  used.  A 
"hold-in  swing"  as  its  name  implies  is  the  reverse  of  a  "hold-out 
swing."     It  is  not  so  satisfactory,  and  should  be  used  only  where 
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a  "hold-out  swing"  is  not  practical.    The  bill  of  material  for  "hold- 
out swing"  is  as  follows  : 

Lumber 

One  2  by  12-inch  by  10-foot,  redwood 

One  2  by  12-ineh  by  12-foot,  redwood $1.76 

One  12  by  12-inch  by  6-foot,  cedar 

One  2  by  8-inch  by  4-fooi,  cedar 

One  6  by  8-inch  by  3-foot,  cedar 

One  6  by  8-inch  by  6-foot,  cedar 

Two  4  by  4-inch  by  1 1  -foot,  cedar 5.76 

One  6  by  8-inch  by  16*foot,  Oregon  pine 

One  6  by  8-inch  by  lO-foot,  Oregon  pine 

One  4  by  4-inch  by  16-foot,  Oregon  pine 4.41 

$11.93 


Fig.    1 02c .—Throw -off  Fig.    lOid— Hooked   off 

Hardware 

One  set   swing-po.st  ca.Mings $12.00 

One   a   by   LS-inch   niachinc-bolt 015 

One   a   by   19-inch  machine-bolt 0.20 

Five  fi   by  8-inch  machine-bolts 0.20 

Two  V4  by  9-inch   machine-bolts 0  12 

Two  ^4  by  9-inch  machine-bolls 0.10 

Two  a   by   lO-incb   hook-bolts 0  30 

Twcnly-two    M-inch   cut   washers 0.10 

Four    )^-inch   cnt   washers O.Ol 
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Hardware — Continued 

Four  ^-inch  cast  washers $0.10 

Two  y^  by  12  by  24-inch  iron  straps 1.00 

$14.28 

Total  material   26.21 

Total  labor  20.00 

Total  cost   $46.21 

A  beam  is  used  for  the  rare  occasions  when  the  proper  balancing 
of  the  power  requires  that  the  direction  of  the  line  be  changed 
through  an  angle  of  180  degrees.  The  wear  on  the  swing-post  cast- 
ing is  heavy,  and  breakages  are  frequent. 

A  counter-balance  is  used  to  help  balance  the  well  loads  about 
the  central  power  plant.  It  can  also  be  used  as  a  multiplier  to 
increase  or  decrease  the  length  of  the  stroke.  The  load  in  the 
weight-box  can  be  varied  to  suit  the  conditions.  This  is  particu- 
larly necessary  on  a  property  where  new  wells  are  being  added  to 
the  load  on  the  plant,  requiring  a  re-balancing  of  the  system.  The 
line  is  connected  to  the  counter-balance  of  the  system.  The  line  is 
connected  to  the  counter-balance  by  the  following  hardware,  in  the 
order  named:  pipe-eye,  C-link,  turnbuckle,  C-link,  pipe-eye  and 
stirrup.    The  bill  of  material  is  as  follows : 

Lumber 

One  8  by  8-inch  by  16-'foot,  cedar $  3.44 

Seven  2  by  12-inch  by  12-foot,  Oregon  pine 

Two  6  by  8-inch  by  10-foot,  Oregon  pine 

One  6  by  8-inch  by  5-foot,  Oregon  pine 

One  6  by  8-inch  by  8-foot,  Oregon  pine 

One  6  by  6-inch  by  2-foot,  Oregon  pine 

Two  2  by  6-inch  by  14-foot,  Oregon  pine 1 1.69 


■^i 


$15.13 
Hardware 

Two  sets  swing-post  castings,  complete $24.00 

Two  13/2-inch  stirrups 4.70 

Two   stirrup-plates    0.60 

One   turnbuckle    4.25 

Two  C-Iinks,  with  link 2.30 

Two  1  J/^-inch  pipe-eye  connection 2.50 

Twelve  ^  by  8-inch  machine-bolts 0.50 

Six  y^  by  15-inch  machine-bolts 0.84 

Four  1-inch  cast  washers 0.22 

Forty- four  f^'J'^ch  cut  washers. . 0.22 

$43.23 

Total  material    58.36 

Total  labor  17.50 

Total    $75.86 
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Pig.    10}.— Plan   and   elevation    oi   jack-l 
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Jack-pumps  (Fig.  103)  are  used  to  pump  the  oil  from  gathering, 
stations  to  the  central  shipping  tanks.  They  are  also  used  some- 
times at  the  well  as  tail-pumps  to  transfer  the  oil  from  the  well  to 
the  gathering  station.  The  weight-box  is  required  in  order  to  pro- 
duce the  downward  stroke.  The  type  of  pump  works  upon  the 
principle  of  the  Oklahoma  jack.  A  turnbuckle  connection,  similar 
to  that  used  with  the  counter-balance  weight,  is  desirable  to  take 
the  slack  out  of  the  line.  The  capacity  of  the  pump  should  be 
considerably  more  than  the  normal  production  of  the  wells  served 
by  the  gathering  station.  A  bill  of  materials  for  the  pump  is  as 
follows : 

Lumber 

One  8  by  8-inch  by  16-foot,  cedar $3.44 

One  6  by  8-inch  by  10-foot,  Oregon  pine 

One  6  by  8-inch  by  8-foot,  Oregon  pine 

One  6  by  8-inch  by  12-foot,  Oregon  pine 

Two  2  by  12-inch  by  12-foot,  Oregon  pine 

One  2  by  12-inch  by  16-foot,  Oregon  pine 

One  2  by  12-inch  by  8-foot,  Oregon  pine 

Two  2  by  6-inch  by  16-foot,  Oregon  pine. 

One  2  by  6-inch  by  8-foot,  Oregon  pine 8.96 

One  2  by  6-inch  by  5-foot,  hardwood 

One  2  by  10-inch  by  5-foot,  hardwood 1.80 

$14.20 
Hardware 

One  set  swing-post  castings,  complete $12.00 

One  1-inch  by  7-foot  3-inch  double-end  bolt 1.20 

One   1  J/^-inch  stirrup 2.35 

One    stirrup-plate    0.30 

One   turnbuckle    4.25 

Two  C-links  with  link 2.30 

Two  1  ^-inch  pipe-eye  connections 2.50 

Two  ^  by  10-inch  hook-bolts 0.60 

Three  H  by  13-inch  machine-bolts 0.36 

Eight  ii  by  8-inch  machine-bolts 0.36 

Four  ^  by  10-inch  machine-bolts 0.40 

One  15^  by  18-inch  nipple Nominal 

Four  }^  by  2  by  18-inch  straps 1.80 

One    4-inch    plunger-pump,    complete    with    working-barrel 
stuffing-box,  etc.  (Not  charged  against  jack-pump) 

.      $28.42 

Total  material    42.62 

Total  labor  20.00 

Total  cost   $62.62 

The  weight  of  lumber  is  880  pounds,  and  of  hardware  not  count- 
ing the  pump,  300  pounds,  or  1180  pounds  in  all. 


:no 
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Structures  at  the  well. — The  pumping-jack  is  the  device  at  the 
well  that  transfers  the  horizontal  reciprocating  motion  given  by  the 
central  power  to  the  transmission  lines,  to  the  vertical  reciprocating 
motion  required  by  the  sucker-rods  to  actuate  the  piunger-pump. 
There  are  two  principal  types  of  steel  jacks,  the  Oklahoma  jack 
shown  in  Fig.  104,  and  the  ^ones  &  Hammond  or  J  &  H  jack,  shown 
in  Fig.  10.5.    Wooden  jacks  are  used  sometimes. 

The  Oklahoma  jack  is  a  combination  triangle  and  walking-beam. 


StO£-£L£VA-nort, 


'Oklihoou  pumping 


The  jack  is  made  of  structural  steel,  and  should  he  mounted  on  a 
rigid  supporting  structure  of  Oregon  pine.  The  lower  fulcrum  is 
furnished  with  the  jack,  and  is  bolted  to  a  12  by  12-inch  timber.  The 
length  of  stroke  can  be  regulated  at  the  well  by  changing  the  dif- 
ferent fulcrums.  This  facilitates  experimenting  on  the  length  of 
stroke  required  for  best  results  at  the  well,  and  also  reduces  the 
number  of  multipliers  needed  on  the  line. 
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It  is  evident  that  there  are  an  infinite  number  of  combinations 
for  different  lengths  of  stroke,  depending  upon  the  choice  of  ful- 
crums  and  on  the  arrangement  of  the  supporting  structure  itself. 
The  jack  will  work  the  easiest  for  long  lever-arms  on  the  walking 
beam,  and  short  distances  between  the  pitman  and  the  polished 
rod.    Where — 

X^ratio  between  length  of  stroke  at  polish-rod  to  length  of 

stroke  at  shackle-line. 
A=^triangle  arm,  vertical  leg. 
B=triangle  arm,  horizontal  leg, 
C=TJitman-arm. 

BD 

D=;pumping-arm,  then  X^- 

AC 


Fir.  103.— Jonei  &  lUmmond  pumpin)(  Jack 

The  bill  of  material  for  an  Oklahoma  jack  is  as  follows; 

One  12  by  12<inch  by  8-fool,  Oregon  pine 

Two  2  by  12-inch  by  16-fool,  Oregon  pine 

One  6  by  6-inch  by  12-Eoot,  Oregon  pine $5.70 

$  5.70 
Pumping- Jack 

One   heavy   California   style   Oklahoma   jack $42.00 

One  Oklahoma  polish-rod  clamp 2.75 

$44.75 
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Bolts  and  Washers 

Four  ^  by  19-inch  machine-bolts $075 

Two  ^  by  11-inth  machine-bolts 0.16 

Eight  ^-inch  cast  washers 0.20 

Four  ^-inch  cut  washers 0.02 

$  1.13 
Connections 

One   D-link    0.90 

Two  C-links,  with  link 2.30 

One  turnbuckle    4.25 

One  pipe-eye  connection    1.15 

$  8.70 

Total  material   $60.28 

Total  labor  5.50 

Total  cost $65.78 

The  total  weight  is  1102  pounds. 

The  Jones  &  Hammond  jack  transfers  the  horizontal  to  vertical 
motion  acting  merely  as  a  triangle.  The  jack  is  built  of  tubular 
shapes.  One  of  the  supporting  legs  clamps  around  the  casing-head, 
and  the  other  is  bolted  to  the  derrick-floor.  The  connection  may  be 
either  upper  or  lower,  depending  upon  how  it  is  desired  to  bring  the 
shackle-line  to  the  well.  The  lower  connection  is  better  because  it 
is  the  stiffer.    The  bill  of  material  is  as  follows : 

Lumber 

Two  6  by  8-inch  by  4-foot,  Oregon  pine • 

Two  2  by  6-inch  by  4-foot,  Oregon  pine $1.40 

$  1.40 
Pumping-Jack 

One  Jones  &'  Hammond  No.  3  jack,  complete $36.60 

$38.60 
Bolts  and  Washers 

Four  ^  by  18-inch  machine-bolts $0.75 

Three  ^  by  13-inch  machine-bolts 0^6 

Eight  >i-inch  cast  washers 0.20 

Six  ^-inch  cut  washers 0.03 

$  1.34 
Connections 

Two  C-links  with  link $2.30 

One  turnbuckle '. 4.25 

One   pipe-eye    ! 1.25 

$  7.80 

Total  material   .* $49.14 

Total  labor  2.00 

Total  cost   $51.14 

The  total  weight  is  633  pounds. 
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The  advantage  of  the  Oklahoma  jack  are  compared  with  the 
J  &  H  jack  are  as  follows : 

1.  It  is  easy  to  disconnect  and  lay  aside  during  "pulling" 
operations. 

2.  When  the  well  "sands  up,"  which  is  always  on  the  up-stroke, 
the  pack  falls  apart  automatically,  and  there  is  no  pounding. 

3.  The  stroke  can  be  regulated  at  the  well. 

On  the  other  hand  the  J  &  H  jack  costs  less  to  install  and  does 
not  pull  as  hard  as  the  Oklahoma  jack.  Also  because  the  motion 
of  the  polish-rod  is  vertical,  there  is  less  wear  on  the  suffing-box. 
However,  the  Oklahoma  jack  has  been  found  to  be  the  best  for 
heavy  service. 

Foundations  for  line  and  well-structures. — Oregon  pine  is  not 
recommended  for  this  work.  In  case  it  is  used,  all  parts  in  contact 
with  earth  should  be  painted  with  oil,  and  buried  in  oil  sand  or 
else  earth  moistened  with  oil.  Redwood  may  be  used  for  the  small 
foundation  sills  of  2  by  12-inch  timber.  Cedar  should  be  used  for 
the  larger  timbers,  and  is  really  more  economical  than  Oregon  pine, 
because  it  does  not  require  painting  or  other  treatment.  In  some 
parts  of  the  structures,  such  as  the  vertical  posts,  cedar  may  not  be 
strong  enough,  and  Oregon  pine  should  be  used  in  its  place. 

Length  and  frequency  of  stroke. — The  "pound"  in  shackle-lines 
results  from  the  downward  motion  of  the  plunger  of  the  pump 
continuing  after  the  line  begins  the  back  stroke.  In  order  to  mini- 
mize this  effect,  the  shortest  and  slowest  stroke  that  will  pump  the 
well  to  its  full  capacity  should  be  used.  Decreasing  the  length  of 
stroke  also  decreases  the  wear  of  the  polish-rod  against  the  stuffings 
box.  When  the  well  is  pumped  too  fast  for  its  production  the  flow 
of  the  oil  will  be  intermittent  and  the  oil  will  rise  only  part  way  in 
the  pump  barrel,  making  the  plunger  pound  against  the  oil  and 
gas  cushion  on  the  down  stroke.  On  the  Nevada  division  of  the 
General  Petroleum  Corporation,  the  frequency  of  stroke  used  is 
from  14J4  to  16  per  minute.  On  the  Belridge  division,  16  strokes 
per  minute  is  the  rule.  The  length  of  stroke  on  these  properties 
varies  from  14  to  24  inches,  and  is  based  on  a  study  of  the  individual 
wells. 

The  Nevada  division  of  the  General  Petroleum  Corporation  is 
on  "Twenty-five  Hill,"  in  the  Midway  field,  near  Taft.  The  jack- 
pumping  plant  was  placed  in  operation  in  April  1915.     Before  that 
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time  the  wells  had  been  pumped  on  the  beam  by  individual  motors. 
This  was  the  first  large  plant  to  be  constructed  in  the  Midway  field, 
and  the  experience  in  the  construction  of  this  plant  proved  to  be  of 
considerable  value  in  the  construction  of  the  Belridge  plant,  which 
was  completed  in  July,  1915.  This  is  in  the  Belridge  field,  about  12 
miles  from  McKittrick.  The  General  Petroleum  Corporation  has  a 
third  plant  now  under  construction  at  Lost  Hills.  The  general 
characteristics  of  the  three  plants  is  shown  in  the  accompanying^ 
table : 

Nevada  Belridire  Lost  Hills 

division  division  division 

Topography    Rough  Smooth  Smooth 

Number   of  wells 46  21  50 

Number   of  jack-pumps 2  2 

Number  of  central  plants 3  13 

Age  of  wells,  years 4-7  3-5  1-6 

Average  depth  of  wells,  feet 1150  800  .    1200 

Average  depth  to  fluid,  feet 1150  720 

Gas    *  t  t 

Sand,  per  cent 0.0  to  1.8  0.1  to  1.8  Small^ 

Average  gravity,   Baume 14  14  to  26  26  to  35 

average  production,  barrels  per  day..  30  15  to 220  50 

Length  of  lines,  feet 28,000  28,000  44,000 

Throw-oflFs    48  23  50 

Posts    928  1080  1760 

Multipliers 96  16  130 

Rockers    and   pendulums 44  2 

Angles    10  5  10 

Hold-outs    1  4 

Hold-ins   1 

Counter-balances    9 

♦Very  little.     fGood  pressure. 

On  both  the  Nevada  and  Belridge  divisions,  there  was  a  con- 
siderable reduction  in  sand  trouble  after  the  plants  were  completed. 
Power  consumption  has  also  been  reduced  considerably  as  is  shown 
by  the  following  data.  Power  No.  1  at  the  Nevada  division  serves 
18  wells  and  one  jack-pump.  A  test  soon  after  the  plant  was  placed 
in  operation  showed  a  consumption  of  2.2  h.  p.  per  well,  and  a  cost 
for  power  of  $0,394  per  well  per  day,  current  costing  $0.01  per  kilo- 
watt-hour. Power  No.  2  serves  18  wells.  The  consumption  was 
2.6  h.  p.  per  well,  and  the  cost  $0,467  per  well  per  day.  Power  No.  3 
serves  10  wells  and  a  jack-pump.  The  lines  are  long  and  the  "pow- 
er" not  well  balanced,  so  the  consumption  of  power  is  high,  3.5  h. 
p.  per  well,  and  the  cost  is  $0,625  per  well  per  day.  The  average 
for  all  three  powers  was  2.45  h.  p.  per  well,  and  $0,438  per  well  per 
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day  for  pumping  alone.  For  pumping  and  pulling  combined,  the 
fig"ures  were  2.56  h.  p.  and  $0,458.  When  the  wells  were  pumped  on 
the  beam,  the  cost  of  power  per  well  per  day  was  $1.05  and  the 
average  horse-power  per  well,  5.85,  showing  a  saving  of  56  per  cent 
by  the  use  of  a  jack-pumping  system.  Since  this  test  the  consump- 
tion of  power  has  been  reduced  considerably.  Records  for  six 
months,  covering  both  summer  and  winter  conditions,  show  an  aver- 
age cost  of  power  of  $0,018  per  barrel  pumped.  On  the  Belridge 
division,  the  average  consumption  of  power  is  1.59  kilowatt-hours 
per  barrel  pumped.  In  general  it  has  been  found  in  California  that 
the  average  consumption  of  power  per  well  per  day  is  from  15  to 
40  kilowatt-hours  and  per  barrel  pumped,  1.5  to  2.5  kilowatt-hours. 

A  jack-pumping  system  operated  by  gas-engines  or  electric 
motors  will  show  a  large  reduction  in  cost  over  pumping  the  same 
wells  on  the  beam  by  steam.  Besides  the  saving  in  power  there  is 
also  a  considerable  reduction  in  labor  costs.  In  general  the  con- 
struction of  a  jack-pumping  system  will  reduce  the  total  pumping 
cost  at  least  50  per  cent,  as  compared  with  individual  installations 
at  the  well. 

A  portable  outfit  for  pulling  the  wells  is  being  used  successfully 
in  the  Kern  River  Field.  This  releases  the  equipment  at  the  wells 
-which  is  lying  idle  a  larger  part  of  the  time,  such  as  the  motor,  gas 
engfine,  or  steam  engine,  the  rig  irons,  and  all  the  lumber  except  that 
-which  is  in  the  derrick. 

Balancing  the  load  on  the  central  power. — Knowing  the  depth 
of  each  well,  the  size  of  the  tubing  and  sucker-rods,  and  the  gravity 
of  the  liquid  to  be  pumped,  the  weight  upon  the  plunger  of  the 
pump  in  each  well  can  be  computed.  This  weight  must  be  lifted 
through  a  distance  corresponding  to  the  length .  of  stroke  of  the 
plunger. 

Assume  that  there  is  no  motion  in  the  system.  This  weight  upon 
the  plunger  becomes  a  static  load,  causing  a  vertical  force  to  be 
changed  by  means  of  the  pumping-jack  to  a  horizontal  force.  The 
point  where  the  resultant  of  all  the  horizontal  forces  in  the  plant  is 
zero  can  be  determined  by  trial.  This  will  determine  a  tentative 
position  for  the  central  plant. 

The  moment  the  central  power  is  set  in  motion,  friction  increases 
the  load  in  one  direction  and  decreases  it  in  the  opposite  direction 
The  components  of  this  friction  are  as  follows : 
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1.  Friction  at  the  pump.  This  may  be  estimated  from  previous 
knowledge  of  the  well,  whether  it  has  been  a  hard  or  an  easy- 
pumper. 

2.  Friction  at  the  pumping-jack.  This  may  be  estimated  by 
assuming  a  friction  factor. 

3.  Friction  in  the  transmission  line.  This  may  also  be  estimated 
by  asuming  as  friction  factor. 

Assuming  that  the  central-power  has  a  single  eccentric  disk,  the 
frictional  forces  may  be  resolved  along  two  co-ordinate  axes  and 
three  or  more  points  obtained  by  trial  where  the  resultant  of  the 
forces  is  approximately  zero.  The  power  plant  should  be  placed 
at  the  most  convienent  position  with  reference  to  these  points.  The 
same  method  may  be  used  with  a  double-disk  power,  since  with  the 
proper  connection  of  the  lines  to  the  upper  and  lower  eccentrics, 
all  the  friction  forces  will  nearly  balance  each  other,  leaving  only 

minor  adjustments  to  be  made  after 
the  plant  was  put  in  operation. 

In  general,  when  the  topography 
is  rough  and  the  wells  are  in  a  com- 
pact group,  it  will  be  found  adivs- 
able  to  choose  a  suitable  position  for 
the  central  plant  as  near  the  geo- 
graphical center  of  the  wells  as  pos- 
sible. Graphical  methods  will  be 
found  of  value  in  determining  the  direction  of  the  transmission 
lines. 

Where  the  wells  are  scattered,  the  point  of  zero  resultant  should 
first  be  determined,  and  the  plant  placed  at  the  nearest  suitable 
point.  As  before,  graphical  methods  will  be  of  assistance  in  design- 
ing the  transmission  system. 

Where  the  topography  is  smooth  and  the  wells  are  in  a  compact 
group  the  central  plant  should  be  placed  as  near  as  possible  to  the 
geographical  centre  of  the  group.  Where  the  wells  are  scattered, 
graphical  methods  will  be  of  use  in  determining  the  point  of  zero 
resultant. 

In  any  case,  some  adjustment  will  be  required  after  the  plant  is 
placed  in  operation.  Where  a  motor  is  used  for  the  power,  the 
balancing  of  the  w^ell-loads  may  be  done  with  a  portable  ammeter 
placed  on  the  motor-circuit.     The  position  of  the  power-head  for 


Fig.    106. — General   lay-out   of   ma- 
chinery for  central  power  plant 
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maximum  load  is  noted  and  the  line-connections  adjusted  until  the 
ammeter-dial  maintains  a  constant  position  or  varies  at  a  uniform 
rate.  Where  a  gas-engine  is  used,  the  final  balancing  is  a  matter 
of  "cut-and-try." 

An  approximate  estimate  has  been  made  of  the  cost  of  con- 
struction of  a  jack-pumping  system.  A  fully  developed  oil-prop- 
erty with  an  area  of  80  acres,  J'^  mile  long  and  yi  mile  wide  has 
been  assumed.  Smooth  topography  and  three  rows  of  seven  wells 
each  are  also  assumed,  with  a  central  power-plant  near  the  centre 
of  the  property.  It  is  also  assumed  that  the  wells  were  being 
pumped  "on  the  beam"  by  individual  motors,  and  that  these  motors 
will  be  retained  and  used  for  cleaning  operations. 


Central  plant 

Building,  24x70  feet,  corrugated  galvanized 
iron,   8-foot   caves 

One  40-h.  p.  gas  engine,  complete  with  clutch, 
governor,  fittings  and  starter 

National  underpull  power,  with  belt,  belt- 
tightener,  pull-rods,  couplings  and  pins 

Concrete  foundation  foi*  power  and  gas  engine, 
1 :3:5  mixture,  15  cy.  yd 


Labor        Material 


Total,  central    plant 

700  4x4-inch  x  6-foot  posts 

Lines,    19,000  feet   of    old    1-inch     cable, 

charge   for   material 

23  throw-off  posts  at  $13 

21   pendulum-multipliers,  at  $20.25 

3  pendulums  at  $13.20 

4  heavy  butterflys,  at  $63 

2  hold-out  swings,  at  $46.20.* 

6  counter-balance  weights  at  $75.85 

2  jack-pumps  at  $62.60 

21  Oklahoma  jacks,  complete,  at  $65.78.. 


$110 

100 

80 

175 

224 


no 


Total 


$   430 

1,380 

1,123 

70 

350 
400 


Total 
$    540 

1,480 

1,203 

245 

$3,468 
514 

400 
299 
425 

40 
252 

92 

455 

125 

1,383 

$7,553 


Including  hauling,  the  total  cost  would  be  about  $8000  or  ap- 
proximately $380  per  well  served.  The  total  weight  including 
materials  for  the  concrete  foundation,  would  be  about  212,000 
pounds. 

New  type  power  recently  designed  by  The  Texas  Company. — 
This  power  resembles  somewhat  the  well  known  rotary  drilling 
machine,  having  a  revolving  table  driven  by  a  master  gear  at- 
tached thereto.  This  table  revolves  around  a  column  which  is  cast 
integral  with  a  large  base  plate  acting  as  the  foundation.     Roller 
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bearings  as  used  under  the  table  of  a  rotary  have  been  eliminated 
and  a  plain  flat  surface  is  used,  similar  in  construction  to  that  of  the 
machine  shop  boring  mill  in  which  two  flat  iron  surfaces  are  used 
to  carry  the  weight.  The  old  style  pumping  power  has  been 
eliminated  and  this  machine  is  directly  connected  to  an  oil  engine, 
there  being  sufficient  reduction  between  the  master  gear  and  pin- 
ion to  allow  the  oil  engine  to  run  at  its  most  efficient  speed, 
aiming  to  operate  the  power  between  25  and  30  revolutions  per 
minute,     A  double  crank  arrangement  placed  on  the  table  top  re- 


places the  old  method  of  eccentric  drive  and  gives  considerably 
greater  stroke  to  the  pump.  This  double  crank  is  made  of  one  solid 
steel  casting  while  the  rings  to  which  the  shackle  rods  are  con- 
nected are  babbitted  and  are  adjustable  by  the  removal  of  shims. 
Provision  is  made  for  pumping  32  wells,  and  if  properly  located  with 
relation  to  these  wells,  an  oil  engine  of  5'>  h.  p.  will  operate  this 
power  satisfactorily. 

The  Marietta  Process  (or  Increasing  Production  of  Oil  Wells 

The  Smith-Dunn  or  Marietta  process  for  increasing  the  pro- 
duction of  a  well  in  an  old  field  by  forcing  air  down  one  well  in  a 
group  was  developed  at  Marietta,  Ohio,  and  is  now  used  extensively 
in  the  Appalachian  fields,  and  also  to  some  extent  in  the  Oklahoma 
fields.  It  has  been  tried  in  California  by  the  Montebello  Oil  Com- 
pany, in  Ventura  Couny,  but  was  abandoned.  Where  it  has  been 
successful  the  average  increase  in  production  has  been  300  per  cent, 
and  in  some  cases  as  great  as  900  per  cent.    It  should,  however,  be 
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stated  that  the  average  production  of  wells  in  the  districts  where 
the  process  has  been  used  is  less  than  one  barrel  per  day. 

Where  the  method  is  used,  one  producing  well  in  a  group  is 
selected  as  an  air  well.  Best  results  are  usually  obtained  when 
there  is  one  air  well  to  three  pumping  wells.  The  air  is  forced  down 
the  air  well  through  a  string  of  tubing  with  a  packer  at  the  end. 
It  is  important  that  the  air  does  not  have  access  to  the  stratum 
above  the  oil  sand.  The  pressure  used  is  about  150  pounds  per 
square  inch,  varying  somewhat  with  local  conditions.  From  5,000 
to  20,000  cubic  feet  of  free  air  per  well  per  day  is  needed.  From 
iy2  to  2  horse-power  per  well  is  required.  The  pumping  wells  are 
operated  as  usual,  either  by  jacks  or  on  the  beam. 

The  air  takes  up  the  volatile  constituents  of  the  oil  in  the  form 
of  vapor  and  is  caught  and  used  in  gas  engines  required  to  operate 
the  property.  It  is  possible  that  this  air  might  be  used  successfully 
for  making  casinghead  gasoline. 

The  first  effect  of  the  use  of  this  process  is  an  increase  of  gas 
from  the  pumping  wells.  Then  follows  an  increase  in  water,  and 
finally  an  increase  in  the  oil  production.  Frequently  the  full  effects 
of  the  oil  production  will  not  be  seen  for  several  months.  There  is 
also  an  increase  in  the  amount  of  sand. 

The  cost  of  installation  of  this  process  is  from  $100.00  to  $150.00 
per  well.  There  is  also  an  increased  cost  of  maintenance  of  from 
25  to  50  per  cent.  This  process  is  sometimes  used  in  connection 
with  vacuum  pumps  on  the  producing  wells,  but  since  the  limit 
of  vacuum  is  about  10  pounds,  most  operators  prefer  to  carry  more 
pressure  on  the  air  compressors- 

As  has  already  been  stated,  this  process  has  been  successful  on 
wells  of  very  small  production,  and  whether  or  not  it  would  be  of 
value  for  Californian  conditions  remains  to  be  demonstrated. 


Extinguishing  Burning  Oil  Wells' 

Oil  well  fires  are  often  much  more  difficult  to  overcome  than 
gas  well  fires,  because  the  well  may  be  producing  in  such  large 
quantities  that  the  oil  is  not  all  consumed  in  one  tapering  flame,  as 
with  gas,  but  may  flow  away  in  a  blazing  mass  for  a.  considerable 
distance.    Also  the  burning  oil.  soon  heats  the  ground  around  the 

*C.  p.  Bowie  in  U.  S.  Bureau  of  Mines  No.   170. 
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well  so  hot  that  no  matter  how  often  the  fire  may  be  extinguished 
it  will  immediately  re-ignite. 

Thus,  no  definite  rules  can  be  given  for  combating  fires  at  oil 
wells,  as  each  burning  well  presents  a  problem  of  its  own.  The 
following  descriptions  of  methods  that  have  been  successfully  used 
are  given,  as  has  been  stated,  not  with  the  belief  that  any  one  of 
these  could  be  successfully  applied  to  some  other  fire,  although  it 
might  be,  but  with  the  hope  that  the  ideas  presented  may,  when 
used  singly  or  in  combination,  be  of  service  to  operators  in  dealing" 
with  such  fires  in  the  future. 

•  

Methods  used  on  fire  at  a  Texas  well. — C.  P.  Clayton,  superin- 
tendent of  the  Producers  Oil  Company,  gives  the  following  account 
of  an  oil  well  fire  in  the  Humble  field,  Texas,  which  was  exting- 
uished under  his  supervision  in  February,  1916. 

The  well  had  been  flowing  for  two  days  and  was  making  about 
6000  barrels  daily.  It  was  being  brought  under  control  at  the  time 
the  fire  occurred,  and  most  of  the  oil  was  discharging  through  a 
6-inch  flow  line  extending  about  20  feet  from  the  head  of  the  casing. 
Immediately  over  the  well,  about  six  feet  above  the  derrick  floor, 
oil  was  discharging  through  a  two-inch  opening  in  a  four-inch  tool 
joint  at  the  rate  of  about  100  barrels  per  hour.  The  fire  was  caused 
by  an  electric  spark  in  repairing  a  broken  power  line  on  the  derrick 
floor. 

The  well  was  situated  in  a  heavily  timbered  country,  and,  as  a 
first  precautiqn,  all  timber,  stumps  and  other  inflammable  material 
were  removed  from  the  vicinity.  •  Twenty-nine  portable  field  boilers 
were  then  set  up,  and  a  network  of  four-inch  and  two-inch  steam 
lines  laid  about  the  well.  Also  connections  were  made  to  7  boilers 
already  installed  at  nearby  drilling  wells,  and  7  two-inch  water 
lines  were  laid.  While  this  was  being  done  a  circular  levee  about 
three  feet  high  was  thrown  up  around  the  well,  at  a  distance  of 
about  60  feet  from  it.  Opposite  the  flow  line  a  ditch  218  feet  long 
and  four  feet  wide  at  the  top  ,tapering  to  a  depth  of  about  four  feet, 
was  dug,  which  opened  into  a  circular  ditch  of  about  the  same 
depth,  and  having  for  its  outer  circumference  a  radius  of  about  75 
feet.  This  arrangement  is  shown  graphically  in  Fig.  107.  The 
straight  ditch  was  then  covered  with  corrugated  iron,  upon  which 
was  placed  about  two  feet  of  earth.    A  piece  of  36-inch  smokestack 
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was  then  placed  in  the  mouth  of  this  ditch  and  shoved  up  to  within 
about  25  feet  of  the  end  of  the  flow  line. 

When  all  was  in  readiness,  an  asbestos-lined  swedge  nipple 
about  8  inches  in  diameter,  attached  to  80  feet  of  three-inch  pipe, 
was  placed  over  the  spray  of  burning  oil  discharging  from  the  tool 
joint.  This  was  done  by  men  working  from  behind  a  corrugated 
iron  shield. 

At  the  second  attempt  this  part  of  the  fire  was  quenched  and  the 
oil  discharging  at  this  point,  or  the  greater  part  of  it,  was  made  to 
flow  through  the  three-inch  pipe.  Immediately  the  steam  and 
water  was  turned  on  the  blaze  at  the  end  of  the  flow  line  (the  men 
advancing  behind  shields)  in  such  a  manner  as  to  drive  the  flame 
into  the  mouth  of  the  36-inch  stack  and  extinguish  it.  The  men 
protected  their  hands  with  gunny  sacks  and  asbestos  shields,  and 
streams  of  water  were  continually  sprayed  upon  them  as  they  ad- 
vanced. The  preparatory  work  required  about  17  hours;  the  ac- 
tual quenching  of  the  flames  about  15  minutes. 

Method  used  at  a  fire  at  a  well  in  Louisiana. — Mr.  Clayton  also 
describes  a  method  used  by  him  to  extinguish  an  oil  well  fire  in 
Caddo  Parish,  Louisiana,  in  1911.  This  well  burned  26  days,  2 
hours  and  10  minutes,  and  when  the  fire  had  been  put  out,  a  gage 
record  showed  a  production  of  48,000  barrels  daily.  The  discharge 
was  so  great  that  the  oil  was  not  all  consumed  until  some  of  it  had 
flowed  a  distance  of  more  than  100  feet  from  the  well. 

Thirty-six  boilers  were  erected  and  the  fire  fought  with  steam 
for  six  days,  but  without  success.  At  the  end  of  this  time  this 
method  was  abandoned  and  a  circular  levee  about  three  feet  high 
and  200  feet  in  diameter  was  thrown  up  around  the  well,  which 
formed  a  pond  of  blazing  oil  in  which  all  the  flow  was  consumed. 

The  well  being  on  a  hillside,  a  tunnel  4  by  6  feet  by  328  feet 
long  was  driven  (See  Fig.  108),  striking  the  outer  casing  at  a  point 
18  feet  below  the  surface,  measured  to  the  center  of  the  face  of  the 
tunnel.  The  well  contained  three  strings  of  casing,  10-inch,  8-inch 
and  6-inch.  A  split  clamp  was  placed  around  the  10-inch  casing, 
and  to  this  was  attached  a  string  of  6-inch  pipe  extending  beyond 
the  mouth  of  the  tunnel.  An  especially  constructed  4-inch  bit, 
shown  in  Fig.  109,  was  made  from  a  case-hardened  nipple.  This 
bit  had  in  one  side  a  hole  2  inches  square  and  was  screwed  onto  the 
end  of  a  string  of  4-inch  pipe;  the  joints  of  the  pipe  after  being 
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screwed  tightly  tofiether.  were  also  riveted.  This  string  was  placed 
inside  the  6-inch  pipe  and  was  fitted  on  the  outer  end  with  a  cap 
and  a  sprocket  wheel  to  which  was  attached  a  rotary  chain  drive. 
A  deadman  was  set  opposite  the  end  of  the  pipe  and  a  jack  set  be- 
tween it  and  the  cap. 

The  chain  drive  was  then  set  in  motion  and  a  hole  drilled 
through  the  casings.  Careful  measurements  were  kept  on  the  jack 
as  the  4-inch  line  advanced,  so 
that  the  opening  in  the  bit  would 
be  stopped  as  neariy  as  possible 
in  the  center  of  the  6-inch  casing. 
When  this  point  was  reached,  the 
bit  was  turned  so  that  the  hole 
was  "looking"  down  into  the  well. 
A  circulating  pump  was  connect- 
ed with  the  4-inch  pipe  and  asbes- 
tos shavings  forced  through  it  un- 
der pressure  of  1200  pounds  per 
square  inch.  After  this  had  been 
done  for  a  few  minutes  the  pipe 
was  to  turned  that  the  hole  in  the 
bit  was  on  top  and  the  flow  of  the 
well  was  shut  off.  The  oil  on  the 
surface,  inside  the  levee,  was  soon 
consumed  and  the  fire  extin- 
guished from  the  lack  of  fuel. 

In  discussing  this  method,  Mr. 

Clayton    states    that   the   turtnel, 

where   it  intersected  the   casing. 

Fig.    loe— Sp;dai   4-inch    bit   nude        was  too  ncaf  the  surface.       He 

thinks   t(je  distance  should  have 

been  at  least  30  feet,  as  several  of  the  men  in  placing  the  split  clamp 

were  almost  overcome  by  the  heat  and  gas  fumes.    Also,  the  tunnel 

WHS  too  small.     Had  it  been  fi  feet  by  6  feet  instead  of  4  feet  by 

6  feet,  the  labor  of  driving  it  and  of  placing  the  6-inch  pipe  would 

have  been  greatly  facilitated  and  the  time  reduced. 

Method  used  by  M,  E.  Lombardi. — M.  E.  Lombardi,  superin- 
tendent of  construction  of  the  fuel  oil  department  of  the  Southern 
Pacific  railroad,  describes  an  oil  well  fire  extinguished  under  his 
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direction  which  occurred  in  the  Midway  oil  field,  California,  in  1913. 

The  well  had  been  drilled  by  the  rotary  system  and  caught  fire 
just  after  it  had  unexpectedly  started  flowing,  so  the  rotary  table 
was  still  in  place.  After  the  floor  of  the  derrick  had  burned  the 
table  crumpled  the  end  of  the  casing,  which  extended  several  feet 
above  the  ground,  until  the  table  rested  on  the  ground.  This 
formed  a  baffle  and  the  oil  spurted  out  laterally  with  such  force 
that  before  long  a  crater  about  50  feet  wide  by  40  feet  deep  was 
formed. 

A  large  number  of  field  boilers  were  set  up  near  the  well  and 
the  usual  method  of  applying  steam  and  water  resorted  to.  The 
fire  was  repeatedly  extinguished,  but  the  sides  of  the  crater  had 
become  so  hot  that  the  gas  and  the  oil  reignited  as  soon  as 
tJie  blanket  of  steam  lifted. 

The  well  was  on  a  hillside  and  the  soil  was  a  heavy  clay.  A  pit 
about  50  feet  in  diameter  and  3  feet  deep  was  dug  in  the  hillside 
about  200  feet  from  the  well  and  about  30  feet  above  it. 

In  this  pit  mud  was  mixed,  fluid  enough  to  flow  freely,  and  the 
mixture  was  discharged  into  the  blazing  crater.  The  pit  was  filled 
and  emptied  three  times  in  quick  succession.  The  third  application 
permanently  extinguished  the  flames,  the  steam  formed  by  the  dry- 
ing mud  cooling  the  walls  of  the  crater  below  the  point  where  xhey 
"would  reignite  the  oil. 

The  fire  burned  16  days  and  when  finally  conquered,  the  well 
was  found  to  be  flowing  at  the  rate  of  about  1000  barrels  daily. 

The  Killing  of  a  Burning  Gas  Well  in  the  Caddo, 

Louisiana,  Oil  Field^ 

The  well  is  situated  in  the  SE  J^  of  the  SW  %  of  Section?,  T. 
20  N.,  R.  15W,  on  a  10-acre  tract  owned  by  B.  G.  Dawes,  Trustee. 
Work  on  the  well  was  started  on  March  17, 1908.  On  May  11,  1908,. 
the  drillers  had  reached  a  depth  of  2,065  feet.  The  well  was  cased 
off  with  300  feet  of  10-inch  casing  and  900  feet  of  8j4-inch  casing. 
The  6-inch  casing  had  not  been  set.  During  the  day  the  well 
began  to  give  trouble  and  blew  out  from  the  1,800- foot  gas 
stratum.  The  drilling  mud  was  made  as  heavy  as  possible  and  the 
driller  started  to  pull  the  4-inch  drill  pipe  out  of  the  hole  to  change 
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the  bit.  In  the  night  during  a  heavy  rain -storm,  while  the  4-inch 
drill  pipe  was  being  put  back  and  was  about  350  feet  from  the  bot- 
tom, the  well  blew  the  drilling  mud  out  again  with  much  more 
violence  than  before.  The  gas  pressure  raised  the  drill  pipe  up, 
this  unlatched  the  elevators,  and  the  drill  pipe  dropped  350  feet  in 
the  hole. 

The  well  continued'  to  blow  out,  increasing  all  the  time  in  vol- 
ume, which  was  estimated  the  next  day  at  40,000,000  cubic  feet  in 
twenty-four  hours.  The  well  also  made  a  strong  salt  water  flow. 
The  owners  of  the  well  did  everything  in  their  power  to  get  the 
well  under  control.  A  lubricator  was  made  of  two  pieces  of  8J4- 
inch  pipe  and  screwed  on  the  8j4-incb  casing  to  kill  the  well,  but 
as  soon  as  the  valves  were  closed  the  gas  broke  the  seats  of  the 
^^-inch  and  the  10-inch  casings  and  began  to  blow  out  under  the 
derrick  floor.  The  valves  on  the  lubricator  had  to  be  opened  up 
again  to  release  the  pressure  from  the  casing,  but  the  flow  of  gas 
around  the  8j4-inch  casing  had  relieved  the  pressure  of  the  drilling 
mud  on  the  800  foot  gas,  which  now  started  to  blow  out  between 
the  10-inch  and  the  8j4-inch  casings. 

On  the  evening  of  May  13  a  cyclone  completely  destroyed  the 
derrick  and  drilling  rig.  A  deep  hole  was  dug  around  the  10-inch 
casing,  with  the  well  open,  flowing  gas  and  salt  water,  with  the 
object  of  putting  a  cement  block  around  it,  which  might  hold  the 
gas  back  long  enough  to  lubricate  the  well.  At  20  feet  from  the 
top  a  split  was  found  in  the  10-inch  casing.  After  several  days  the 
drillers  succeeded  in  getting  a  joint  of  14-inch  pipe  over  the  10-inch 
pipe  and  the  two  were  cemented  together,  and  a  big  block  of  solid 
cement  was  placed  around  the  casing.  The  cement  was  allowed 
several  days  to  harden,  while  the  well  was  blowing  gas  and  salt 
-water.  Then  a  second  attempt  was  made  to  lubricate,  but  the 
pressure  was  so  strong  that  the  gas  escaped  outside  the  10-inch 
casing  into  the  shallow  water  sand,  which  is  found  at  about  75 
feet  in  that  part  of  the  field,  and  blew  out  on  the  ground  about  300 
feet  away  from  the  well.  The  well  had  to  be  opened  up  again  and 
all  the  material  brought  in  safely  and  a  last  attempt  made  to  kill 
the  blowout.  But  the  gas  continued  to  escape  around  the  well, 
coming  closer  and  closer  to  the  hole.  The  owners  then  abandoned 
the  well,  considering  it  impossible  to  get  it  under  control.  In  less 
than  three  weeks  tiine  the  escaping  gas  and  water  had  formed  a 


PETROLEUM  PRODUCTION  METHODS 


a 

n 


V    I 

\ 

i 

. 

i. 

1 

1 

I- 


OPERATION  OF  PROPERTIES  329 

crater  around  the  well  at  least  100  feet  in  diameter,  which  the 
waves  made  larger  and  deeper  as  the  time  passed. 

In  June,  1908,  the  well  was  put  on  fire  because  the  gas  was  a 
continuous  danger  to  those  who  had  to  work  and  live  in  the  sur- 
rounding woods.  The  well  stopped  burning  in  February,  1909,  but 
caught  fire  again  soon  afterward.  The  well  was  allowed  to  run 
wild  until  the  summer  of  1913.  Most  of  the  time  the  gas  was  burn- 
ing, but  heavy  rainstorms  and  wind  would  put  it  out.  After  a  few 
days  the  gas  would  catch  fire  again.  The  muddy  waves  caused  by 
the  ^scaping  gas  kept  on  washing  more  and  more  material  in  the 
hole,  thus  increasing  the  size  and  depth  of  the  crater,  until  finally 
they  had  formed  a  circular  pool  22»5  feet  in  diameter  in  the  center 
of  which  the  escaping  gas  threw  up  a  body  of  mud  25  or  30  feet 
high. 

The  volume  of  the  gas  escaping  from  the  well  at  the  end  of  its 
life  wasf  estimated  by  experts  to  be  between  8,000,000  and  10,000,000 
feet  per  day.  Not  only  was  this  waste  of  gas  deplorable,  the  value 
of  which,  at  about  2}4  cents  per  thousand  cubic  feet  at  the  well, 
amounted  to  about  $250  per  day,  but  also  the  well  affected  the  rock 
pressure  of  the  surrounding  territory,  which  had  fallen  below  100 
pounds  to  the  square  inch,  and  allowed  the  water  which  occurs 
in  the  bottom  of  the  Nacatoch  sand  to  enter  the  gas  formation. 

Killing  of  the  well. — When  the  Conservation  Commission  took 
the  matter  in  hand  it  was  decided  to  first  empty  the  pool  which  the 
blowout  had  made,  to  find  the  condition  of  the  casings.  It  took 
about  20  days  to  empty  the  crater.  The  bottom  of  the  pool  sloped 
from  the  border  for  about  50  feet  until  it  reached  a  depth  of  about 
10  feet  below  the  surface.  From  there  the  crater  had  a  conical 
shape,  with  a  diameter  of  about  125  feet  sloping  down  to  the  old 
bore  hole,  where  it  had  a  depth  of  about  37  to  40  feet.  The  top  of 
the  10  and  the  8j4-inch  casings  could  be  seen  at  the  bottom  of  the 
crater.  The  well  was  not  blowing  outside  the  10-inch  casing.  Evi- 
dently after  the  pressure  6f  the  well  had  gone  down,  the  caving 
mud  had  fallen  around  the  10-inch  so  that  the  water  and  gas  could 
only  escape  between  the  10-inch  and  the  8j4-inch  casings.  It  was 
observed  that  the  well  blew  but  cold  salt  water,  which  indicated  at 
what  depth  the  blowout  was  taking  place,  because  the  salt  water 
found  in  the  deep  sand  rock  is  warm,  .whereas  the  water  from  the 
Nacatoch  sand  has  a  much  lower  temperature. 
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The  tops  of  both  casings  were  worn  very  thin  and  it  was  im- 
possible to  screw  any  connections  on  them.  The  original  plan  was 
to  set  a  disk  wall  packer  inside  the  8j4-inch  casing  on  4-inch  pipe 
about  100  feet  from  the  top  and  let  the  well  blow  through  the  4- 
inch  pipe,  then  pack  the  space  between  the  8J4-inch  and  the  10-inch 
casings  with  the  stuffing  box  casing  head  and  make  a  cement  block 
outside  the  10-inch  casing,  after  which  the  well  perhaps  could  be 
closed  in.  But  the  condition  at  the  top  of  the  casings  would  not 
allow  this  scheme  to  be  carried  out.  Then  it  was  decided  to  drill 
a  well,  which  was  called  a  "relief  well,"  as  close  to  the  old  hole  as 
was  possible  under  the  circumstances,  and  to  try  to  stop  the  flow 
of  gas  and  water  by  pumping  water  or  mud  in  the  gas  formation. 
The  contract  for  drilling  the  well  was  let  to  W.  W.  Blocker. 

When  the  pumps  were  moved  the  crater  filled  up  with  the  salt 
water  thrown  out  by  the  well. 

This  relief  well  was  drilled  on  the  southeastern  side  of  the  crater, 
at  a  distance  of  125  feet  from  the  center.  The  hole  was  cased 
off  with  211  feet  of  10-inch  casing  and  792  feet,  11  inches 
of  8-inch  casing,  both  cemented.  The  8-inch  casing  was  set 
on  the  top  of  the  Nacatoch  sand.  The  cement  was  allowed  to 
harden  for  9  days,  after  which  the  seat  of  the  8-inch  casing  was 
tested.  Mr.  Smith  ordered  the  well  to  be  drilled  with  clear  water 
20  feet  in  the  Nacatoch  formation.  The  sand  encountered  inthis 
20-foot  was  not  porous  enough,  in  the  judgment  of  Mr.  Smith,  to 
attempt  to  pump  water.  The  well  was  then  drilled  20  feet  deeper 
in  the  same  formation,  the  total  depth  being  832  feet. 

The  formation  found  in  the  last  20  feet  was  a  coarse  sand  rock, 
considerably  more  porous  than  the  first  20  feet  below  the  8-inch 
casing.  It  was  decided  to  make  the  experiment  at  this  depth.  A 
reservoir  covering  three  acres  of  land,  ranging  in  depth  from  6 
inches  to  three  feet,  was  filled  with  water,  and  the  8-inch  casing 
was  connected  with  the  pump  and  the  full  pressure  put  on  the 
formation. 

The  pump  used  was  the  ordinary  10x6xl2-inch  rotary  drilfing 
pump ;  the  boiler  pressure  was  120  pounds  per  inch  and  the  pressure 
put  up  by  the  pump  as  registered  by  the  gauge  was  310  pounds 
per  inch.  After  the  hole  was  filled  the  pump  ran  at  about  five  revo- 
lutions per  minute  for  one  hour,  corresponding  to  a  volume  of  about 
29  gallons  per  minute  being  forced  into  the  gas  formation.    During 
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the  next  five  hours  the  number  of  revolutions  increased  slowly  from 
five  to  10  per  minute,  but  the  gauge  registered  the  same  pressure. 
During  the  following  days  the  full  pump  pressure  was  left  contin- 
ually on  the  well,  the  number  of  revolutions  increasing  gradually 
and  the  pressure  against  which  the  pump  had  to  work  decreasing. 
After  the  fifth  day  the  pressure  registered  on  the  gauge  was  about 
150  lbs.  to  the  inch  and  the  number  of  revolutions  30  per  minute, 
which  was  equivalent  to  a  volume  of  165  gallons  being  forced  into 
the  gas  sand  each  minute. 

On  the  seventh  day  the  pressure  was  50  lbs.  to  the  inch  and  the 
pump  was  running  at  the  rate  of  42  revolutions  per  minute.  It  was 
noticed  that  the  pressure  would  fall  considerably  for  a  short  time 
and  then  run  up  again  to  where  it  had  been  previously,  which  caQ 
only  be  explained  on  the  hypothesis  that  the  water  opened  up  a 
new  channel  in  the  formation,  thus  relieving  the  pressure,  and  when 
the  cavity  was  filled  the  pressure  went  up  again  to  the  point  where 
it  had  been  before.  From  the  seventh  day  on  a  slow  decrease  in 
the  strength  of  the  eruptions  was  noticeable,  and  on  the  tenth  day 
the  eruptions  ceased.  At  the  moment  the  eruptions  stopped  the 
salt  water  and  the  mud  in  the  pool  flowed  back  in  the  old  bore  hole, 
leaving  the  crater  entirely  empty. 

Although  there  was  no  gas  escaping  from  the  hole,  the  pumping 
was  continued  for  three  more  days,  to  drive  the  gas  still  farther 
back  in  the  formation  and  away  from  the  well. 

The  space  between  the  8J4-inch  and  the  10-inch  casings  was 
filled  with  cement  and  a  heavy  block  of  cement  was  put  around 
the  10-inch  casing.  Then  several  blasts  of  dynamite  were  fired 
around  the  circumference  of  the  crater  about  10  feet  apart.  The 
explosion  caused  several  tons  of  shale  and  clay  to  fall  to  the  bot- 
tom of  the  crater.  If  the  well  should  start  to  flow  gas  and  salt 
water  again,  the  salt  water  would  mix  with  shale  and  clay  and 
make  a  thick  mud,  which  would  kill  the  well. 

Although  the  blowout  was  killed  successfully,  and  the  possibil- 
it)^that  the  well  will  again  give  trouble  is  very  small,  the  derrick 
and  casing  were  not  removed  from  the  "relief  well"  as  a  further 
precaution,  so  that  work  can  be  started  at  a  moment's  notice  to 
pump  water  in  the  gas  sand  and  cut  off  the  flow  of  gas. 

Value  of  gas  wasted  and  conserved. — A  low  estimate  of  the  av- 
erage production  of  the  well  during  the  five  years  that  it  ran  wild 
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puts  it  at  15,000,000  cubic  feet  per  day.  The  volume  of  natural  gas 
which  escaped  into  the  atmosphere  during  this  time  would  be 
87,000,000,000  cubic  feet.  At  2J4  cents  per  1000  cubic  feet,  this  vol- 
ume of  gas  represents  a  value  of  $675,000. 

In  the  town  of  Shreveport  the  selling  rate  for  manufactured  gas 
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is  7  7-10  cents  per  1000  cubic  feet.  If  all  the  gas  which  went  to 
waste  at  the  burning  gas  well  had  been  sold  in  the  city  of  Shreve- 
port  for  manufacturing  purposes  only,  it  would  have  brought  in 
$2,079,000. 

At  the  time  the  well  was  killed  the  eruptions  were  still  very 
violent  and  during  the  last  year  no  decrease  in  their  strength  had 
been  noticeable.  No  doubt  it  would  have  been  several  years  before 
the  burning  well  would  have  died  a  natural  death.  It  is  impossible 
to  estimate  the  value  of  the  gas  that  has  been  saved  by  the  energy 
and  the  activity  of  the  Conservation  Commission,  but  from  the 
above  figures  it  can  be  seen  that  it  must  amount  to  several  hundred 
thousand  dollars. 

The  cost  of  drilling  the  "relief  well"  and  putting  out  the  burning 
well  was  approximately  $6,000,  which  is  a  very  small  amount  in 
comparison  with  the  value  of  the  gas  saved. 


CHAPTER  IV. 


THE  TREATING  OF  OIL  EMULSIONS 


General  Considerations 

The  treating  of  oil  emulsions  is  a  problem  that  must  be  met 
wth  sooner  or  later  in  the  history  of  every  oil  field.  Emulsion  is 
commonly  referred  to  by  the  men  in  the  field  as  "B.  S.",  which 
seems  to  be  an  abbreviation  for  either  "base  sediment"  or  "bottom 
settlings."  "B.  S."  is  an  emulsion  formed  by  petroleum  and  water 
and  a  third  agent  consisting  of  a  chemical  composed  of  the  alkaline 
salts  out  of  the  water  and  the  petroleum  acids  out  of  the  oil.  Inert 
materials  such  as  common  sand  and  wet  clay  can  also  be  present 
and  it  has  been  proven  that  they  are  very  potent  in  certain  phases 
of  emulsion  formation.  It  is  the  general  belief  that  emulsions  will 
not  form  in  soft  waters.  Emulsion  formation  is  effected  by  means 
of  agitation,  either  in  the  well  or  after  the  oil  reaches  the  surface 
and  is  purely  mechanical.  Emulsions  when  allowed  to  stand  ex- 
posed to  the  air  become  oxidized  and  "set."  Such  emulsions  are 
very  difficult  to  handle. 

Emulsions  vary  in  character  depending  on  the  kind  of  oil,  kind 
of  water,  degree  of  agitation,  etc.  As  a  general  thing,  it  may  be 
said  that  emulsions  formed  with  light  oils  are  easier  to  treat  than 
those  formed  from  the  heavier  oils.  Instances  have  been  noted, 
however,  of  oils  of  light  gravity  which  made  very  obstinate  emul- 
sions. 

The  percentage  of  water  in  emulsions  varies  from  2  per  cent 
to  65  per  cent.  Some  of  the  water  will  ordinarily  settle  out  on 
standing  but  quite  commonly  about  25  per  cent  of  water  is  so  inti- 
mately united  with  the  oil  that  treatment  is  necessary  in  order  to 
effect  a  separation. 
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Methods  of  treating  emulsions  (or .  dehydrating  oils)  are  com- 
monly divided  into  six  classes,  as  follows : 

1.  Treating  by  heat  in  open  tanks. 

2.  Treating  with  heat  in  closed  receptacles: 

Dehydrators 
Topping  Plants. 

3.  Treating  by  electricity. 

4.  Treating  with  chemicals. 

5.  Treating  with  centrifuges. 

6.  Various  combinations  of  above. 

Treating  by  Heat  in  Open  Tanks  or  Pits 

It  has  been  known  for  years  that  almost  any  emulsion  could  be 
treated  by  raising  the  temperature  to  the  boiling  point  of  water. 
This  is  ordinarily  done  by  heating  the  emulsion  with  steam  pipes 
and  this  is  quite  commonly  carried  on  in  open  tanks  or  pits,  espe- 
cially in  the  Gulf  Coast  region.  Ragsdale  in  The  Oil  Weekly 
(1920  Statistical  Edition)  has  the  following  to  say  about  this 
system : 

In  former  years  this  method  was  practiced  almost  exclusively,  chiefly 
because  it  is  the  most  simple — the  first  one  thought  of. 

One  company  on  the  Gulf  Coast  uses  600-barrel  tanks  for  boiling  the 
oil.  The  emulsion  is  run  into  the  tank  where  it  is  heated  by  means  of 
steam  coils.  The  temperature  to  which  the  emulsion  must  be  heated  de- 
pends to  some  extent  upon  the  character  of  the  emulsion  and  v?.ries  from 
160  degrees  to. 300  degrees  F. 

The  cost  of  fuel  is  not  the  only  cost  to  be  computed.  The  loss  by 
evaporation  must*  be  considered.  Whenever  heavy  oil  is  heated  to  a  tem- 
perature as  high  as  is  required  to  get  rid  of  the  water  content  some  oil  is 
volatilized  and  lost. 

The  lighter  vapors  contained  in  the  oil,  these  possibly  of  the  highest 
value,  are  driven  off  by  the  heating  process  and  are  completely  wasted  and 
lost.  There  is  no  way  of  computing  the  cost  because  of  this  waste,  as  there 
is  no  way  of  telling  what  vapors  are  driven  off  and  in  what  quantity. 

The  Humble  Oil  &  Refining  Company  estimated  its  cost  of  boiling  or 
heating  for  dehydration  at  8  cents  per  barrel.  Thi5  was  several  years  ago 
when  oil  was  worth  only  one-third  of  what  it  is  now.  It  is  safe  to  esti- 
mate that  the  present  day  (1920)  cost  would  run  nearer  20  cents  per  barrel. 
Several  companies  which  have  employed  this  method  have  estimated  their 
cost  between  15  and  20  cents  per  barrel. 

But  all  that  is  said  of  the  heating  or  boiling  method  must  not  be  deris- 
ive. The  method  is  being  used  at  this  time  in  certain  coastal  fields  where 
other  means  of  dehydration  have  been  found  more  or  less  unsatisfactory. 
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Mr.  C.  H.  Homer  furnishes  the  following  interesting  description 
of  certain  methods  of  treating  emulsions  in  pits : 

The  oil  is  led  from  one  pit  to  the  next  and  in  cases  partitions  are  placed 
in  each  pit  so  that  the  travel  of  the  oil  is  increased.  These  pits  are  pro- 
vided with  coils  and  a  body  of  water  is  kept  below  the  oil,  the  latter  flowing 
over  the  water  in  a  layer  4  to  8  inches  in  thickness.  The  entire  contents  of 
the  first  pits  are  kept  in  ebullition  while  that  in  the  last  pit  of  the  series 
is  quiet.  The  earth  acts  as  a  partial  insulator  for  this  type  of  treater  but 
there  is  a  corresponding  loss  in  seepage,  the  hot  oil  penetrating  the  sur- 
rounding soil  for  much  greater  distances  than  will  cold  oil.  There  is  also 
the  loss  from  vapors  as  referred  to  above. 

Another  refinement  of  this  type  of  open  pits  is  a  concrete  trough  60 
feet  in  length  and  4  feet  in  depth,  used  by  the  Sun  Company  at  Saratoga, 
Texas.  A  series  of  coils  covers  the  bottom  of  this  trough  between  concrete 
partitions  of  two  feet  in  width.  The  oil  enters  at  one  corner,  runs  the 
tength  of  the  trough,  through  an  opening,  and  back;  this  is  repeated  and  the 
finished  oil  taken  from  the  corner  opposite  the  entrance.  This  form  dis- 
poses of  seepage  so  long  as  the  concrete  remains  intact.  The  vapor  loss 
remains. 

A  process  in  use  in  California  is  described  bv  Paine  and  Stroud 
("Oil  Production  Methods").  This  consists  of  a  spray  pipe  in  the 
bottom  of  a  tank.  The  tank  is  filled  to  about  10  feet  with  water 
kept  heated  to  200°  F.  by  suitable  steam  coils.  The  oil  is  sprayed 
up  through  water  by  the  finely  perforated  pipe  allowing  the  emul- 
sion to  separate  into  constituent  parts.  The  oil  accumulating  at  the 
surface  being  led  away. 

W.  G.  Williams,  consulting  engineer  of  Oklahoma  City,  an- 
nounces he  has  developed  a  system  of  dehydration  for  the  removal 
of  water  from  crude  oil  which  he  states  is  a  decided  impravement 
over  the  present  general  method  of  steaming  the  oil.  Mr.  Williams 
claims  for  this  system  that  it  is  both  less  expensive  and  less  waste- 
ful than  other  methods  now  in  use,  with  a  reduction  of  50  per  cent 
in  operating  costs. 

Mr.  Williams  is  giving- his  process  to  the  oil  industry,  in  the  be- 
lief that  it  will  prove  of  practical  benefit,  and  will  be  a  forward  step 
toward  better  efficiency. 

The  apparatus  consists  of  a  series  of  units  of  three  pipes  tele- 
scoped together.  The  cold  emulsion  enters  the  middle  pipe  of  the 
first  unit,  and  passes  through  each  unit  until  it  reaches  the  last, 
where  the  final  temperature  is'  attained,  steam  being  used  in  the 
last  two  units  in  the  outside  and  inside  pipes. 
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From  the  middle  pip^  of  the  last  unit  the  emulsion,  having 
reached  the  temperature  required  for  breaking  apart  the  oil  and 
water,  reverses  its  course  and  passes  back  through  the  inside  and 
outside  pipes  of  those  members  wherein  steam  is  not  used,  giving 
up  its  heat  to  the  incoming  cold  emulsion,  and  leaving  the  system 
at  a  point  adjacent  to  the  original  point  of  entrance,  at  a  temper- 
ature slightly  above  that  of  the  cold  emulsion. 

The  maximum  temperature  required  governs  the  pressure  of  the 
steam  used  for  heating,  and  the  safety  valve  on  the  boiler  may  be 
set  so  that  the  required  final  temperature  of  the  emulsion  shall  not 
"be  exceeded. 

As  the  steam  is  condensed  it  is  automatically  returned  to  the 
boiler  by  a  return  trap,  so  that  the  only  heat  loss  is  reduced  to  that 
of  radiation.  The  steam  requirements  are  12  boiler  horse  power 
per  thousand  barrels  per  twenty-four  hours,  with  a  final  tempera- 
ture for  the  emulsion  of  150°  F. 

Treating  by  Heat  in  Closed  Receptacles 

The  next  step  in  the  development  of  the  heat  treatment  of 
emulsions  was  the  perfection  of  the  "dehydrators"  or  closed  recep- 
tacles of  various  types  in  which  the  emulsion  was  heated.  The 
vapors  evolving  from  these  dehydrators  are  collected  and  con- 
densed and  a  considerable  amount  of  distillate  recovered.  The  de- 
hydrators vary  considerably  in  design  and  range  from  the  elaborate 
Trumbull  system,  which  is  really  a  sort  of  refining  system  or  "top- 
ping plant,"  to  simple  sheet  iron  boxes  containing  coils  and  having 
a  dome  in  which  the  vapors  are  collected.  Some  of  the  dehydrators 
are  operated  with  direct  heat,  while  in  others  steam  heat  is  used. 
The  hot,  cleaned  oil  coming  from  the  dehydrators  is  usually  em- 
ployed in  heating  the  in-going  cold  emulsion. 

Dehydrators. — Mr.  C.  H.  Homer  has  perfected  one  of  the 
"trough"  type  of  dehydrators  at  Saratoga,  Texas,  for  treating  emul- 
sion containing  19°  Be.  Coastal  crude  oil.  He  describes  it  as 
follows : 

The  trough  is  40  feet  long  by  5  feet  wide  and  14  inches  high,  for  30 
feet  of  its  length,  widening  from  this  point  to  a  height  of  24  inches  at  the 
outlet.  The  baffles  are  placed  at  intervals  of  ten  feet  and  extend  the  width 
of  the  trough  and  to  a  height  of  6  inches  above  the  bottom.  The  steam 
coils  are  9  feet  in  length  and  4  feet  in  width,  each  coil  being  connected  to 
the  main  header  through  a  valve,  thus  permitting  of  the  use  of  as  many 


TREATING  EMULSIONS  339 

* 

of  the  coils  as  is  required  to  reduce  the  emulsion.  The  coils  are  made  of 
IJi-inch  pipe  using  return  bends.  However,  a  manifold  with  packed 
joints,  permitting  greater  flexibility,  has  been  designed  and  will  be  substi- 
tuted in  future  installations.  The  exhaust  from  all  the  coils  is  run  the  full 
length  of  the  trough,  being  packed  where  it  passes  through  the  baffles,  in 
such  manner  as  to  allow  for  expansion.  A  steam  trap  is  provided  at  the 
end  of  this  exhaust  ,  the  hot  water  from  which  is  passed  over  the  cold  in- 
coming emulsion.  Additional  heat  exchange  is  effected  by  passing  the  cold 
incoming  oil  through  coils  placed  in  the  tanks  receiving  the  hot  oil  at  the 
outlet  of  the  trough. 

A  tight  fitting  cover  is  bolted  to  the  top  rim  of  the  trough.  The  lighter 
hydrocarbons  and  water  vapors  are  led  from  the  trough  by  means  of  4-inch 
pipes  leading  to  an  8-inch  header  which  in  turn  is  connected  to  a  condenser. 
The  condensate  or  crude  distillate  is  later  split  into  salable  products,  gaso- 
line, engine  distillate,  etc.,  in  a  standard  still. 

The  finished  oil  is  caught  upon  an  apron  below  the  outlet  and  flows 
into  a  75  barrel  galvanized  iron  tank  which  has  an  outlet  opposite  the 
apron  and  at  the  top  into  a  second  75  barrel  tank.  Water  is  held  in  this  tank 
to  within  8  inches  to  12  inches  of  the  outlet.  The  water  level  being  shown 
by  a  sight  glass. 

The  length  and  width  of  the  treater  are  governed  by  the  amount  of 
oil  to  be  treated,  the  height  by  the  tendency  of  the  oil  to  froth.  Sufficient 
height  must  be  given  to  prevent  the  froth  being  carried  up  the  escape  pipe 
^th  the  lighter  oils. 

In  perfecting  the  trough  a  great  many  tests  were  made  with  and  with- 
out baffles  and  with  baffles  of  varying  heights.  It  was  found  that  with  an 
oil  of  20  per  cent  impurities  a  product  showing  less  than  ^  of  one  per 
per  cent  could  made  at  the  rate  of  1500  barrels  per  twenty-four  hours, 
using  baffles  4  inches  to  6  inches  in  height. 

The  oil  outlet  pipes  are  turned  down  inside  the  trough  to  a  depth 
^vhich  will  keep  the  inside  ends  submerged  at  all  times.  This  prevents  the 
escape  of  gasses  from  the  trough  regardlss  of  the  pressure.  In  addition  to 
the  water  sight  glass  at  the  outlet  end  of  the  trough  an  18-inch  glass  is 
provided  for  the  purpose  of  holding  the  fluid  height  above  the  outlet  pipes, 
otherwise  should  the  trough  have  a  pressure,  and  the  flow  be  checked  at 
the  inlet,  the  fluid  level  would  drop  until  it  was  below  the  turned  down 
ends  of  the  outlet  pipes  and  an  escape  of  gas  would  result.  This  would 
necessitate  a  readjustment  of  the  flow  and  cause  some  delay. 

Topping  plants. — In  California  some  very  elaborate  dehydrating 
or  topping  plants  have  been  erected.  A  typical  installation  is  de- 
scribed by  A.  F.  L.  Bell  in  the  Transactions  of  the  American  Insti- 
tute of  Mining  Engineers,  as  follows: 

A  new  plant  was  erected  under  the  design  of  E.  I.  Dyer,  chief  engineer 
for  the  Union  Oil  Company.  This  plant,  of  which  A.  Roy  Heise  is  super- 
intendent, is  at  Avila,  near  Port  Harford,  about  40  miles  from  the  Santa 
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Maria  field,  the  oil  being  delivered  to  the  plant  from  the  field  by  two  pipe 
lines;  one  6  inches  and  the  other  8  inches  in  diameter.  This  plant,  although 
designed  several  years  ago,  is' still  one  of  the  best  topping  plants  on  the 
Coast.  It  is  lopping  oils  in  some  cases  carrying  as  high  as  20  per  cent 
water  at  the  same  cost  for  fuel  and  labor  as  some  other  plants  topping 
oils  carrying  only  2  or  3  per  cent  water. 

The  heat  used  in  topping  conies  from  steam  at  150  lbs.  pressure  gen- 
erated by  a  battery  of  five  300  h.  p.  Stirling  boilers  in  a  separate  boiler 
house.  There  are  12  cylindrical  steam  stills  mounted  in  a  steel-frame 
structure  in  a  separate  building,  the  Stills  being  mounted  in  a  double  row  of 


(By  Countiy  of  The   Petroleum  World.) 

ix  each,  one  row  abovt  the  other.  Those  in  the  upper  set  are  known  as 
lie  lo\v-prcs5rre  stills,  those  in  the  lower  as  th  high-prssure  stills.  Live 
film  is  admitted  to  the  lower  row  only,  the  steam  passing  into  the  body 
f  Ihe  still  by  a  number  of  1-inch  return  pipes. 

Each  steam  still  is  about  6  feet  in  diameter  and  20  feet  long  and  has  a 
Irnm  chest  mounted  on  its  front  end  having  three  separate  compartments, 
he  live  steam  is  admitted  to  one  compartment  and  passes  to  the  next  com- 
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partment  through  a  series  of  1-inch  continuous  pipes.  These  run  from  the 
initial  side  of  the  steam  chest  the  full  length  of  the  still,  and  return  to  the 
next  compartment  of  the  steam  chest,  and  in  the  same  manner  to  the  third 
compartment,  so  that  there  is  no  connection  of  live  steam  between  any  of 
the  compartments  of  the  steam  chest  except  through  the  heating-coils. 
The  condensed  water  is  trapped  out  of  each  compartment  so  that  a  mini- 
mum quantity  of  condensed  water  travels  through  the  coils. 

As  the  steam  is  condensed,  it  drains  to  traps  and  is  returned  to  the 
boilers  at  280*  F.  No  live  steam  is  admitted  to  the  upper  tier  of  stills,  the 
heating  agent  being  the  vapor  from  the  bottom  still,  which  rises  and  enters 
the  steam-chest  of  the  upper  still  and  passes  through  the  still  in  the  same 
manner  as  the  live  steam  entered  the  lower  still.  The  vapor  pressure  in 
both  the  lower  still  and  inside  the  coils  of  the  upper  still  ranges  from  40  to 
SO  lbs.  The  pressure  is  maintained  at  a  point  where  the  radiation  of  the 
latent  heat  through  the  coils  to  the  liquid  in  the  upper  still  is  equalized 
by  the  heat  from  the  vapor  rising  from  the  lower  still.  As  about  half  of 
the  vapor  is  steam,  the  temperature  corresponds  closely  to  that  of  satu- 
rated steam  of  the  same  pressure.  No  vapor  leaves  the  coils  of  the  upper 
still.  Only  the  condensed  liquids  are  trapped  off.  These  go  to  the  same 
condenser  as  the  vapors  from  the  low-pressure  still.  By  this  means  all  the 
latent  heat  in  both  the  oil  and  water  vapors  is  absorbed  by  the  oil  and  water 
in  the  upper  still,  thereby  effecting  a  saving  of  about  50  per  cent  of  the  fuel 
necessary  to  top  the  oil  in  ordinary  stills.  The  vapors  from  each  low- 
pressure  still  flow  into  the  condenser  belonging  to  that  battery,  which  is 
mounted  on  the  top  of  a  steel  framework  outside  of  the  steam-still  house. 

There  are  six  separate  condensers,  each  connecting  to  a  battery  con- 
sisting of  a  high  and  low-pressure  still.  The  condensers  are  ri^ctangular. 
They  have  a  vapor-chest  at  the  rear  end  of  the  same  general  design  as  that 
of  the  steam-stills,  except  that  the  dividing  partition  in  the  chest  is  hori- 
zontal. The  vapors  are  admitted  to  the  upper  portion  of  the  chest  and  pass 
through  a  series  of  2-inch  return  pipes,  surrounded  by  the  condensing 
water,  returning  to  the  lower  portion  of  the  chest.  F:om  this  point  they 
drain  to  the  proper  storage  tanks. 

Mounted  below  each  condenser  are  two  heat  exchangers  set  one  above 
the  other.  These  heat  exchangers  are  similar  in  construction  to  the  con- 
denser except  that  they  have  1-inch  return  pipes,  and  have  two  vertical 
dividing  partitions  in  each  chest.  In  addition,  heated  residuum  surrounds 
the  pipes  instead  of  water.  The  heated  residuum  from  the  high-pressure 
still  passes  into  one  end  of  the  body  of  the.  upper  exchanger  and  travels 
backward  and  forward  four  times,  guided  by  interior  partitions.  It  then 
passes  into  the  end  of  the  body  of  the  lower  exchanger,  again  traveling 
backward  and  forward  four  times  before  passing  out  as  finished  residuum 
to  storasre.     In  all  condensers  and  exchangers,  the  liquids  counterflow. 

The  crude  oil  in  taking  up  the  heat  in  the  exchangers  comes  into  one 
side  of  the  chest  of  the  lower  exchanger,  passes  backward  and  forward 
twice  through  a  series  of  1-inch  return  pipes  and  then  is  discharged  from 
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the  opposite  side  of  the  chest  to  the  upper  exchanger.  It  passes  through 
two  scries  of  return-bend  pipes  in  the  upper  exchanger,  leaving  the  chest 
on  the  opposite  side  from  where  it  entered.  It  flows  to  the  low-pressure 
still  ,and  after  giving  off  a  portion  of  its  vapors  of  oil  and  water,  is  pumped 
to  the  high-pressure  still  where  practically  all  of  the  remaining  distillates 
are  taken  off.    The  treated  oil  from  six  high-^jressure  stills  passes  to  the 

This  is  an  economical  system.  Practically  the  only  steam  admitted  to 
the  plant  is  through  the  high-pressure  stills,  SO  all  of  the  work  done  in  the 
low-pressure  stills  is  an  absolute  saving.  The  plant  is  running  on  what  is 
known  as  double  effect.  At  times  it  has  been  run  on  triple  effect,  that  is, 
live  steam  was  introduced  into  the  first  still  only  and  the  heated  vapor 
from  the  firM  still  under  pressure  was  admitted  to  the  coils  of  the  second 
slill,  and  the  heated  vapor  from  the  second  still,  necessarily  under  a  lower 
pressure,  was  admitted  to  the  coils  of  the  third  slill,  the  cnide  oil  flowing 


first  to  the  low-pressure,  then  to  the  intermediate  .and  finally  to  the  high- 
pressure  still.  As  might  be  expected,  this  method  showed  a  greater  saving 
than  with  double  effect,  but  reduced  the  quantity  of  crude  oil  that  could  be 

Distillation  by  Double  Effect 

Water  Pet.  DiitUlatc  Wl. 

Evaporation    from    low-pressure    slill 56.93  34.45 

Evaporation  from  high-pressure  still 42,05  64.15 

Evaporation  intcrchanger  and  unaccounted 1.00  1.40 

100.00  100.00 

Distillation  by  Triple  Effect 

W»Wf  Pel.  DisiillBtc  Pet. 

Evaporation    from    low-pressure    still 55.80  37.42 

Evaporation    from    iniernicdiaic    slill 29.75  31.36 

Evaporation   from   high-pressure   stilt 13.42  29.74 

Evaporation   from   inlcrchangcr   and   unaccounted 1.03  1.48 

100.00  100.00 

From  the  above  figures,  it  will  be  seen  that  with  the  double-effect  ar- 
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raTigement  about  50  per  cent  of  the  (uel  is  saved,  and  with  triple  effect 
about  75  per  cent,  over  a  single  system  of  evaporation. 

For  a  given  period,  the  average  temperature  of  the  crude  oil  entering 
the  heat  exchangers  was  61.67°F.;  leaving  the  heat  exchangers  before 
entering  the  low-pressure  stills,  (he  temperature  was  141,45°  F.,  showing 
a  saving  by  rise  in  temperature  due  to  exchangers  of  7978°  F. 

The  economy  o  fthe  plant  is  shown  by  the  following  table: 

Duty  Records  Per  Barrel  of  Dry  Fuel  OU  Used  for  the 
Last  Three  Months  of  1919 

Barrels   of   crude   oil   treated 63.35 

Barrels  of  water  actually  removed   from  crude 10.67 

Barrels  of  residuum  produced 42.34 

Barrels    of   distillate    produced 8.54 

Barrels  of  residuum  pumped  from  plant 43.80 

Barrels  of  distillate  pumped  from  plant 9.52 

Barrels  of  circulating  water  pumped 156.46 

Barrels  of  miscellaneous  oil  pumped 9.08 

Kilowatt   hours — tighi^ng,   power,   etc 2.53 

Thermal  Duty  of  One  Barrel  of  Dry  Fuel  OU  b.  t.  u. 

Evaporating   water   from  ■  crude    oil 4,135,984 

Evaporating  distillate   from  crude  oil 425,128 

Kilowalt  hours— lighting  and  power 35,940 

Total  useful  duty  4,597,052 

This  system  is  ideal  for  Santa  Maria 
oils  and  entirely  eliminates  the  coking 
which  takes  place  when  direct  healing  is 
used  under  ordinary  stills  or  retorts.  The 
water  carried  by  the  oil  is  as  .sally  as 
sea  water  and  when  evaporated  Ihrowns 
down  salt  crystals  in  the  stills.  In  the 
ca.sc  of  fire-heated  stills,  this  salt  mingles 
with  the  coke  and  forms  a  hard  incrus- 
tation, which  necessitates  closing  down 
frequently  and  chipping  out  the  coke; 
whereas  with  this  form  of  still,  when 
salt  crystals  are  formed,  the  operator.^ 
employ  the  unique  method  of  shutting 
down  the  stills  about  once  a  week, 
emptying  the  stills  of  oil  and  filling  wilh 
water  and  then  heating  the  water,  Ihus 
dissolving  the  salt  and  passing  it  off  by 
pumping  a  continuous  stream  of  heated 
water  through  the  stills.  Two  patents  on 
(his  system  have  been  applied  for  by 
,,-      ~      .        ,         ...  ^^-  Dyer  and  are  now  pending  in  the 

Fi>.    116a. — Topping    p  ini,    Union  ,. 

Oil   Comp.ny  rtfiS,.^  .t    Br».  patent  office. 
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The  Union  Oil  Company  has  two  other  topping  plants  situated  in  the 
Fullerton  field.  The  most  important  is  the  Brea  refinery,  A.  Edmund  Hil- 
dick,  superintendent.  This  plant  shows  clearly  the  development  of  the  art 
of  topping,  having  been  constructed  in  August,  1911,  to  handle  the  light 
oil  from  the  Birch  well,  which  produced  about  2400  barrels  per  day  of 
''gassy"  oil  when  first  completed.  The  plant  when  first  started  treated  suc- 
cessfully about  100,000  barrels  per  month  of  clean  dry  oil  carrying  not  more 
than  0.5  per  cent  water  and  removed  22  per  cent  of  53**  Baume  tops.  The 
old  part  of  the  plant  consists  of  eight  old  40  h.  p.  drilling  boilers,  which 
have  half  the  tubes  removed.  These  boilers  are  set  in  two  rows  of  four, 
facing  each  other  with  an  alley  between  them.  The  oil  is  run  through 
each  battery  of  four  boilers  continuously.  It  has  since  been  demonstrated 
that  this  plant  is  not  adapted  to  handling  wet  oils  and  will  not  work  suc- 
cessfully with  oils  carrying  more  than  2  per  cent  water. 

The  next  step  in  increasing  the  capacity  of  the  plant  was  the  building 
of  an  additional  topping  plant  in  March,  1913.  This  consisted  of  two  bat- 
teries of  retorts,  each  battery  being  divided  into  two  separate  divisions, 
each  division  having  four  furnaces  and  each  furnace  carrying  a  double  row, 
six  pipes  high,  of  3-inch  return  pipes,  20  feet  long.  Each  division,  of  the  bat- 
tery is  fed  with  crude  oil  independently.  The  oil  admitted  to  the  bottom 
pipe  of  the  furnace  travels  up  through  the  9  coils,  coming  out  the  top  and 
returning  to  the  bottom  pipe  of  the  next  furnace,  ag&in  leaving  the  upper 
pipe  and  so  on  through  the  four  furnaces.  The  heated  oil  from  each  side 
of  the  battery  flows  by  independent  pipes  to  one  of  the  separators.  This 
makes  each  8-furnace  battery  with  one  separator  a  single  unit. 

The  vapors  are  then   led  from   the  separating  chambers   to  the   con 
densers  and  on  to  the  storage  tanks.     The   residuum   is  taken   from   the 
bottom  of  the  separators,  passed  through  the  heat  exchangers  and  on  to  the 
residuum  storage. 

The  coils  in  the  furnace  are  heated  by  gas-fed  perforated  pipes  running 
the  full  length  of  the  furnace.  It  was  found  that  this  form  of  furnace  is 
not  well  adapted  to  oil  firing.  A  change  was,  therefore,  made  in  one  of  the 
batteries,  the  coils  being  mounted  horizontally  in  a  brick  furnace,  allowing 
plenty  of  combustion  room  below.  This  furnace  is  working  satisfactorily 
and  it  is  likely  the  other  half  of  the  battery  will  have  the  coils  changed  from 
vertical  to  horizontal  position  so  as  to  be  adapted  to  oil  firing. 

The  total  capacity  of  the  two  batteries  of  retorts  with  gas  fires  was 
^,000  barrels  per  month  of  21  to  22**  Baume  oil,  carrying  6  per  cent  mois- 
ture and  basic  sediment.  From  this  there  was  topped  about  10  per  cent 
of  51**  Baume  distillate,  giving  a  residuum  of  18**  Baume,  having  a  flash- 
point between  160  and  180'  F.  With  the  change  in  construction  and  the  use 
of  oil  firing,  it  is  believed  the  capacity  will  be  doubled. 

The  oil  just  before  entering  the  separator  is  choked  down  to  a  pressure 
of  40  lbs.,  but  flows  into  the  separator  at  practically  atmospheric  pressure. 
This  choking  of  the  oil  gives  a  backward  pressure  at  the  inlet  end  of  the  re- 
torts at  the  furnace  of  80  lbs.    The  crude  oil  leaves  the  heat  exchanger  and 
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enters  the  first  coil  of  the  retort  at  180°  F.;  it  leaves  the  coils  and  enters 
the  separators  at  aboul  450°  F.  This  refinery  not  only  tops  oil  but  turns 
out  finished  gasoline,  but  as  the  purpose  of  this  paper  is  to  describe  top- 
ping plants  only,  no  description  will  be  given  of  the  other  details  of  the 

Treating  Oil  Emulsions  With  Electricity 

The  following  description  of  electrical  methods  is  given  by 
Ragsdale  in  the  Oil  Weekly: 

The  electrical  process  of  dehydaralion  of  emulsified  oils  involves  the 
passage  of  the  oil,  as  it  comes  from  the  wells,  between  two  electrodes  sep- 
arated at  a  distance,  which  is  governed  by  the  water  contents  In  the  oil. 
The  electrodes  are  connected  to  a  source  of  electricity  of  sufficiently  high 
potential  to  create  an  electrostatic  field,  or  field  of  electric  strain,  whcih 
will  cause  the  minute  globules  of  water  to  conglomerate  and  coalesce  until 
they  become  so  large  and  heavy  that  they  will  settle  out  from  the  oil  by 
gravity.  The  electricity  in  passing  through  the  oil  does  not  heat  it  to 
any  appreciable  degree. 

There  are  two  types  of  electric  dehydrators  in  general  use,  the  Na- 
tional and  the  Cottrell.  The  basic  patents  covering  both  of  these  methods 
of  electric  dehydration  of  crude  oil  emulsions  are  owned  by  The  Petroleum 
Rectifying  Company,  the  use  of  which  is  allowed  oil  producers  by  executing 
a  license  agreement  with  the  company. 

The  National  type  (Fig.   117)  is  described  as  follows:  The  treater  con- 
sists of  a  sealed  tank,  8  feet  in  diameter  by  15  feet  high  and  vertical  plates 
termed  'polarizers'  serving 
as   electrodes,  each  alter- 
nate plate  being  grounded 
to  the  tank.    The  oil  to  be    g 
treated  enters    the    lower    S 
p  o  r  ti  o  n     of     the     tank 
through  the  inlet  pipe  and 
passes  up  through   the 
electrodes,  the  cleaned  oil 
being  drawn  off  the  top  to 
the    shipping    tanks,    and 
the  water  settling  lo  the 
bottom    and    passing    out 
through    the    goose    neck 
near    the    water    bleeder. 
The    tank   is   at    all   times 

during    its    operation    kept  F'«.  117— Diagrimiic  sketch  ol  N«tion«1  type 

full  of  oil.  ecclnc     c  y 

In  the  Cottrell  type  (Fig.  118)  each  unit  consists  of  a  galvanized  metal 
tank,  approximately  3  feet  in  diameter  at  the  base  and  10  feet,  7  inches  in 
overall  height,  the  shell  of  the  tank  forming  one  electrode  and  circular  discs 
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mounted  on  a  vertical  shaft,  slowly  revolved  through  suitable  gearing  form- 
ing the  other  electrode.  The  oil  emulsion  is  fed  into  each  unit  or  treater 
at  the  top  and  passes  down  through  each  Ireater  where  it  is  drawn  aS  the 
bottom  and  led  to  a  trap  or  separating  tank  where  the  water  is  allowed  to 
selllc  and  bleed  off  the  bottom,  the  dry  oil  being  drawn  off  the  top  of  the 
separating  tank  through  an  adjustable  swing  pipe. 

Although   the  Cottrcll   plant  has  revolving  electrodes  and  is  somewhat 
different  from  the  National  in  mechanical  construction,  yet  in  theory  the 


Fig.  118.— Sii  unit  Cotlrcll  type  electric  treatmg  plani.  Crown  Oit  &  ReHmng  Company. 
WeM  Columbia  Field. 

two  types  are  alike.  It  has  been  found,  however,  thai  in  treating  certain 
kinds  of  emulsion,  the  revolving  electrode  is  essential  in  preventing  con- 
tinuous short  circuits. 

In  1911  the  first  electric  dehydrator  was  put  into  operation  in  the  Cali- 
fornia fields.  At  that  time  the  only  method  known  and  used  by  the  oper- 
ators was  the  treatment  by  the  steam  heating  process.  This  system  was 
unsatisfactory  in  more  ways  than  one,  but  the  principal  objection  was  the 
high  cost  of  producing  the  required  amount  of  steam  and  the  evaporation 
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loss  in  light  vapors.  In  many  cases  in  using  the  sleam  process  it  was  found 
necessary  to  use  s  temperature  as  high  as  400  degrees  Fahrenheit  in  order 
to  break  down  the  emulsions  found  in  low  gravity  oils  of  14  degrees  Baume 
or  less  which  are  produced  in  large  quanlities  in  California.  Owing  to  the 
greater  economies  shown  by  the  electric  process,  it  has  steadily  replaced 
the  old  steam  treating  system  in  California  to  such  an  extent  that  today 
it  is  recognized  by  the  large  producers  of  that  slate  as  the  most  economic 
and  practical  method  available. 

The  electric   dehydration   process  was   successfully   introduced   into   ihc 
Gulf  Coastal  fields  of  Texas  about  one  and  a  half  years  ago,  and  plants 


I  the  Goose   Creek. 


arc  now  in  operation  or  in  course  of  < 
West  Columbia,  Hull,  Humble  and  Saratoga  fields,  A  great  saving  has 
been  made  by  the  oil  companies  in  these  fields  by  the  adoption  of  this 
process  and  in  many  cases,  two  boilers  formerly  required  lo  treat  a  certain 
amount  of  oil  have  been  eliminated  by  the  installation  of  one  electrical 
unit.  This  saving  has  been  particularly  pronounced  recently  due  to  the 
high  market  value  of  fuel  oil. 

In  substituting   the  electrical  process   for  the  steam  heating,  a   savin); 
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of  six  to  ten  cents  per  barrel  of  cleaned  oil  has  been  shown  in  the  actual 
cost  of  dehydration. 

The  electric  power  consumption  per  treater  is  remarkably  low,  varying 
from  6  to  15  kilowatt  hours  per  twenty-four  hours.  This  consumption 
represents  an  average  cost  of  about  40  cents  per  day,  based  on  the  pre- 
vailing rate  in  the  Gulf  Coast  fields  of  four  cents  per  kilowatt  hour  . 

The  treater  capacity  in  net  oil  dehydrated  depends  considerably  upon  the 
character  of  the  emulsion  to  be  treated,  but  a  fair  average  of  1500  barrels 
per  twenty-four  hours  can  be  placed  in  the  National  plant  and  2500  barrels 
per  twenty-four  hours  on  a  six-unit  Cottrell. 

It  has  been  found  that  the  percentage  of  water  and  emulsion  in  the  oD 
is  not  the  determining  factor  in  the  capacity  of  the  treater  as  in  numerous 
cases  oil  containing  as  high  as  85  per  cent  water  and  emulsion  is  being 
reduced  with  compaartive  ease  to  a  water  content  of  less  than  half  of  one 
per  cent. 

One  of  the  main  features  of  the  electric  system  is  its  simplicity  of  oper^ 
ation.  It  is  practically  fool-proof,  does  not  require  an  expert  attendant 
jind  is  continuous  in  its  operation. 

Electric  process,  direct  current*. — The  process  consists  in  passing  the 
emulsion  between  electrodes  connected  to  a  source  of  direct  current  elec- 
tricity with  a  potential  of  from  250  to  400  volts,  with  a  current  varying  from 
a  few  milli-amperes  to  10  amperes.  The  patent  under  which  the  direct 
current  electrical  treatment  is  operated  claims  that  the  process  depends 
upon  cataphoresis  or  electrical  migration.  The  original  experiments  which 
served  as  a  starting  point  for  the  development  of  this  patented  process 
were  performed  by  the  author  with  the  help  of  Mr.  G.  W.  Jones  in  May, 
1917,  and  the  idea  was  based  upon  the  known  migration  of  colloidal  par- 
ticles when  subjected  to  electrical  stress.  This  migration  of  particles  must 
be  a  factor.  Some  electrolysis  doubtless  takes  place  since  the  electrodes  are 
only  about  }^-inches  apart  and  at  times  a  considerable  current  passes. 


Treating  Emulsions  with  Chemicals 

Within  the  past  few  years  the  treating  of  emulsions  with  chem- 
imcals  has  come  very  much  to  the  front  in  the  United  States. 
Sherrick  in  the  Transactions  of  the  American   Chemical  Society 

describes  the  theory  of  the  process  as  follows: 

There  are  on  the  market  certain  compounds  for  the  treatment  of  oil 
field  emulsions.  These  compounds  are  usually  crude  soaps  or  sodium  salts 
of  sulfonic  acids,  obtained  by  sulfonating  cither  a  coal-tar  oil  or  a  petro- 
leum. All  of  such  compounds  examined  were  hydrophile  colloids,  which 
seems  to  be  the  explanation  for  their  action  in  discharging  these  oil  field 
emulsions. 

Just  as  there  is  selective  adsorption  of  ions,  so  there  is  selective  ad- 


'Described  by  Sherrick  in  Trans.  Am.  Chem.   Soc. 
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sorption  of  colloids,  and  certain  hydrophile  colloids  might  have  a  much 
greater  tendency  than  others  to  destroy  an  emulsion  formed  by  means  of 
a  given  hydrophobe  colloid.  Just  as  precipitation  of  collodial  particles  is 
due  to  the  adsorption  of  an  ion  with  a  charge  opposite  to  that  upon  the 
particles,  so  colloids  of  opposite  character  precipitate  one  another.  But  in 
the  destruction  of  an  emulsion  formed  by  a  hydrophobe  colloid  it  is  not 
necessary  that  the  hydrophile  colloid  be  of  an  opposite  charge.  Thus  we 
have  negatively  charged  soap  particles  precipitating  the  negatively  charged 
ivater  particles  of  these  emulsions. 

Ragsdale  in  The  Oil  Weekly  (1920  Statistical  Edition)  has  the 
following  to  say  relative  to  the  Tret-O-Lite  process  for  treating 
emulsions : 

Removing  b.  s.  by  a  chemical,  without  the  use  of  equipment  other  than 
that  already  used  on  every  oil  lease  is  the  idea  conceived  by  William  S. 
Barnickel,  a  chemist  of  St.  Louis.  Mr.  Barnickel  has  put  his  idea  into  oper- 
ation in  various  fields  and  with  notable  success,  especially  in  West  Colum- 
hia,  Texas. 

No  extra  equipment  is  needed  by  a  producer  who  adopts  Mr.  Bar- 
Tiickel's  process.  The  chemical  which  is  shipped  in  50-gallon  drums,  is 
mixed  with  the  oil  either  at  the  pump  or  in  the  pipe  line. 

Different  oil  emulsions  require  a  different  chemical  mixture,  the  change 
being  made  at  the  laboratory  after  a  sample  of  the  emulsion  has  been  sent. 
It  took  Mr.  Barnickel  years  to  ascertain  what  chemical  change  was  necces- 
sary  in  order  to  meet  the  dehydrating  requirements  of  the  different 
emulsions.  The  Tret-O-Lite  process  has  been  especially  successful  in  re- 
moving emulsipns  from  West  Columbia  oil,  both  The  Texas  Company  and 
the  Humble  Oil  &  Refining  Company  using  it  extensively. 

The  cost  of  dehydrating  by  this  method  is  exceedingly  low  in  that  par- 
ticular section.  Frank  Sterling,  vice  president  of  the  Humble  Oil  &  Re- 
fining Company,  estimates  that  the  cost  does  not  exceed  one  and  one-half 
cents  a  barrel.  More  than  15,000  barrels  of  oil  a  day  has  been  dehydrated 
at  West  Columbia  by  means  of  the  Tret-O-Lite  process.  It  has  been  found 
that  "old"  or  "tank"  oil  yields  as  readily  to  the  corrective  properties  of 
the  chemical  as  that  oil  which  is  fresh  out  of  the  well. 

Very  little  of  the  chemical  is  required  in  the  treatment  of  the  emul- 
sions; so  the  freight  cost  oj  the  full  drums  from  St.  Louis  is  not  prohibitive. 
A  barrel  of  the  chemical  is  sufficient  to  treat  between  10,000  and  15,000 
barrels  of  the  West  Columbian  emulsion.  As  stated  heretofore  no  extra 
equipment  is  required,  the  chemical  being  fed  into  the  pump  which  picks 
up  the  oil  to  be  treated. 

Treating  Emulsions  with  Centrifuge 

The  method  of  treatment  with  centrifuge  has  been  described  by 
R.  M.  Gotham  of  the  Sharpies  Specialty  in  The  Oil  Weekly: 

Briefly,  the  integral  part  of  this  process  is  the  super-centrifuge  in  which 
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the  emulsion  is  separated  into  its  component  parts  of  oil  and  water  and 
these  two  liquids  are  discharged  separately  from  each  other. 

Another  essential  part,  however,  of  the  installation  is  the  proper  ar- 
rangement of  the  accessory  heating  tanks  and  coils  so  that  the  emulsions 
may  be  put  in  the  proper  condition  before  centrifugal  treatment. 

The  various  pipe  line  companies  who  have  accumulated  large  quan- 
tities of  tank  bottom  emulsions  at  their  tank  farms  are  now  cleaning  up 
these  accumulations  through  the  installation  of  two  to  five  centrifugal 
units  in  connection  with  a  portable  plant.  This  plant  can  be  erected,  very 
quickly  and  moved  to  a  new  point  where  it  can  be  set  up  in  a  few  days' 
time  to  treat  another  accumulation  of  tank  bottoms. 

There  are  now  nearly  two  hundred  of  these  centrifugal  units  in  actual 
operation  in  the  Mid-Continent  fields.  The  Prairie  Oil  &  Gas  Company- 
has  several  million  barrels  of  tank  bottom  accumulations  on  their  various 
tank  farms  which  they  are  working  over  into  marketable  oil  with  wonderful 
success.  They  own  fifty  machines  and  have  plants  ranging  in  size  from 
five  to  20  units. 

The  most  noteworthy  achievement  in  this  line  is  the  latest  plant  put 
into  operation  at  Cushing,  Oklahoma.  There  a  20  unit  plant  is  turning  out 
ail  average  of  2000  barrels  of  reclaimed  oil  daily.  The  recovery  of  good  oil 
from  the  original  stock  approximates  on  the  average  70  per  cent.  The  resi- 
due discharged  from  the  machines  consists  of  95  per  cent  water. 

Many  other  companies  own  large  plants,  among  which  are  the  Empire 
Pipe  Line  Company  and  the  Empire  Gas  &  Fuel  Company,  the  Gulf  Pipe 
Line  Company,  the  Standard  Oil  Company,  the  Gilliland  Oil  Company,  the 
Magnolia  Petroleum  Company,  Cosden  &  Company,  and  the  Sinclair 
Company. 

A  large  number  of  small  independent  producers  have  found  it  to  their 
advantage  to  work  over  accumulations  of  various  sizes,  as  in  this  day  of 
high  prices  for  oil  it  is  good  business  policy  to  reclaim  everything  possible. 
It  has  been  found  that  one  or  two  unit  plants  will  often  pay  for  themselves 
within  as  short  a  time  as  a  single  month. 

Combinations  of  Various  Systems 

Quite  a  few^  instances  have  been  noted  where  companies  use 
a  combination  of  several  systems  of  treating  emulsions  and  they 
get  very  satisfactory  results  in  this  manner.  At  Goose  Creek, 
Texas,  for  instance,  the  Gulf  Production  Company  uses  a  combina- 
tion of  heat,  direct  current  electrical,  and  centrifugal  treatment. 
All  emulsion  from  the  field  is  pumped  into  two  large  earthen 
storage  tanks  at  the  treating  j^lant  where  some  natural  water  set- 
tling takes  place.  The  emulsion  is  then  picked  up  and  heated  in  a 
closed  system  to  175  degrees  and  sent  to  12  direct  current  electrical 
treaters  where  the  emulsion  is  reduced  from  30  per  cent  to  about 
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6  per  cent.  The  discharge  from  these  treaters  goes  to  a  concrete 
pit  where  the  top  is  skimmed  to  the  pipe  line  oil  pit  and  bottom 
pumped  to  18  centrifuge  machines.  The  oil  from  the  centrifuges 
comes  out  at  about  1.3  per  cent  B.  S.  and  goes  to  pipe  line  pit.  All 
waste  from  treaters  and  centrifuges  is  handled  through  concrete 
pits  and  nothing  but  clear  water  is  let  off.  Every  possible  way  of 
heating  by  exchangers  in  pits  is  taken  advantage  of. 

In  the  Caddo,  Louisiana,  field  there  is  a  treating  plant  employ- 
ing the  following  combination  of  methods: 

Oil  containing  water  goes  first  to  a  two  compartment  concrete 
pit  where  top  is  skimmed  over  into  pipe  line  oil  pit  and  bottom  oil 
goes  to  16  centrifuge  machines.  These  machines  separate  the 
emulsion  from  the  oil.  The  heavy  emulsion  thrown  off  by  this 
process,  after  passing  through  a  concrete  settling  pit  where  some 
Avater  is  bled  off,  goes  through  a  closed  heater  to  two  direct  current 
electrical  treaters.  Here  the  emulsion  is  broken  down  and  clear 
water  is  bled  off.  The  oil  discharge,  at  a  temperature  of  175  de- 
grees, is  put  into  the  bottom  of  the  cold  oil  concrete  pit  thus  elim- 
inating any  appreciable  loss  in  heat.  The  volumes  of  the  cold  oil 
to  heated  oil  are  such  that  the  temperature  does  not  exceed  85 
degrees. 

Filtration  System 

Of  recent  months  there  has  been  developed  in  the  Mid-Conti- 
nent a  method  of  treating  emulsion  by  filtration  through  a  filter 
made  up  of  common  excelsior.  Very  good  results  are  claimed  for 
this  filter  by  the  inventors,  Messrs.  Winters  and  McCowan.  As 
shown  in  Fig.  119-A  this  is  a  very  simple  and  inexpensive  process. 
The  emulsion  is  heated  to  about  90°  F.before  being  introduced 
into  the  filter.  Mr.  H.  R.  Shidel  in  describing  this  process  to  the 
author  mentioned  one  installation  in  Kansas  which  had  been  in 
operation  some  380  days  treating  a  very  refractory  emulsion  con- 
taining about  15  per  cent  b.  s.  This  filter  had  treated  1000  barrels 
of  oil  per  day  at  a  cost  of  about  1-14  cent  per  barrel.  The  oil 
coming  from  the  top  of  the  filter  tested  less  than  1  per  cent  b.  s. 

Heat  Exchangers 

In  treating  emulsions  by  steam  heat  it  is  quite  customary  to 
heat  the  incoming  cold  emulsion  with  the  outgoing  hot  treated  oil. 
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Fig.  I19-I— Tank  Eiuippcd  ior  Treating  Emulsions  by  Filtrilion 

Devices  for  doing  this  arc  known  as  heat  exchangers.     They  are 
made  up  in  various  forms. 

In  calculating  the  amount  of  hot  oil  needed  to  heat  the  cold 
emulsion  the  following  formula  is  commonly  used: 

H  S  T  =  c  s  t 
Where: 

H  —  weight  of  hot  oil 

S    ~  specific  heat  of  emulsion 

T  =  dilTerence  in  temp,  of  hot  oil  and  emulsion  at  beginning 

c    =^  weight  of  emulsion 

s    =  specific  heat  of  hot  oil 

t    =  difterence  in  temperature  of  hot  oil  and  emulsion  at  end 

Hence  weight   of   hot  oil   needed  to  heal   emulsion    ("c"   lbs.)    through' 
T  degrees  Fahr.  is: 


S  T 

It  is  assumed  that  the  amount  of  heat  lost  by  the  hot  oil  equals 
the  amount  of  heat  gained  by  the  emulsion.  This  is  not  strictly 
true  as  there  will  be  a  certain  amount  of  heat  lost  by  radiation.  This 
latter  loss  can  be  neglected  in  these  calculations. 


CHAPTER  V. 


USE  OF  ELECTRICITY 


OPERATION  OF  WELLS  BY  ELECTRIC  POWER 

By  W.  G.  TAYLOR* 

Fuel  saving. — The  oil  fuel  consumption  for  steam-engine  pump- 
ing is  from  3  to  15  barrels  per  well  per  day,  depending  upon  the 
<lepth  of  well,  the  pumping  speed,  and  other  local  conditions.  For 
instance,  in  Texas  the  average  is  about  10  to  12  barrels.  When 
such  wells  are  electrified,  all  of  this  oil  fuel  can  be  added  to  net 
production,  and  this,  it  will  be  appreciated,  is  no  small  gain.  Even 
if  oil  fuel  is  used  to  produce  electric  power,  a  modern  turbo-gene- 
rating station  will  require  only  half  a  barrel  or  less  per  well  per 
<lay. 

When  gas  engines  are  replaced  by  motors,  of  course  no  oil  fuel 
is  saved,  but  more  gas  is  available  for  the  market,  and  there  is  much 
less  production  lost  from  shut-downs. 

Decrease  of  shut-downs. — It  is  only  recently  that  oil  men  have 
begun  to  realize  the  amount  of  time  lost,  and  consequently  of  pro- 
duction, due  to  avoidably  shut-downs  in  pumping  operations.  En- 
gine and  boiler  trouble,  reversing  clutch  troubles,  gas  shortage, 
water  shortage,  freezing  in  cold  weather,  rod  breakage,  and  valve 
and  cup  troubles  caused  by  vibration  and  jerking  motion  are  all 
greatly  reduced  and  some  are  entirely  eliminated  by  the  use  of 
electric  drive.  An  excellent  example  of  this  fact  is  furnished  by 
the  records,  given  in  Table  1,  of  shut-downs  for  all  causes  during 
normal  operation  of  two  groups  of  wells  in  adjoining  Kansas  oil 
fields.    The  reduction  in  lost  pumping  time  obtained  by  the  use  of 


'Published  by  permission  of  General  Electric  Review. 


354  PETROLEUM  PRODUCTION  METHODS 

motor  drive  in  this  case  indicates  a  resulting  increase  in  production 
of  about  15  per  cent. 

The  most  convincing  figures  are  those  which  an  oil  producer  can 
obtjin  from  his  own  property.  The  time  reported  daily  for  shut- 
down should  be  classified  under: 

(1)  Engine,  clutch  and  boiler  troubles. 

(2)  Gas  or  water  shortage,  or  freezing  in  cold  weather. 

(3)  Rod  breakage,  including  time  required  to  pull  and  replace 
rods  or  tubing  on  this  account. 

(4)  Cup  and  valve  troubles,  including  time  required  to  pull  and 
replace  rods  or  tubing  on  this  account. 

(5)  All  other  causes. 

TABLE  I 

Comparison  of  Pumping  Time  Lost  From  Shut-Downs  With  Gas  Engine 
and  Electric  Drive  Under  Similar  Normal  Operating  Conditions 

in  Kansas,  Pumping  On  the  Beam 

Gas-Engine  Drive         Electric  Drive 

Augtista  Field  £1  Dorado  Field 

Nov.,  Feb.,  Oct.,  Nov., 

1917  1918  1918  1918 

Number  of  wells 208  216  26  27 

Per  cent  of  available  pumping  time  lost, 

all  causes    23.3  2S.2        10.7  9.8 

Per  cent  of  available  pumping,  time  lost, 

engine  or  electric  troubles  only 4.8  8.15         1.98        0.63 

Care  must  be  taken  that  the  time  recorded  for  shut-downs  rep- 
resents the  actual  amount  of  available  pumping  time  lost,  particu- 
larly on  head-wells,  which  are  pumped  less  than  24  hours  a  day, 
and  which  are  often  reported  as  being  shut  down  24  hours  when  the 
pumping  time  really  lost  is  perhaps  a  much  shorter  time.  On 
a  24-hour  well  every  hour  it  is  shut  down  represents  a  loss. 

After  the  shut-downs  are  thus  classified  for  a  period  of  a  month 
or  two,  or  long  enough  to  establish  a  record  of  average  conditions, 
an  analvsis  with  reference  to  electric  drive  should  be  made  on  the 
following  basis: 

(1)  Electric  troubles  will  not  cause  over  2  per  cent  loss  in  time 
due  to  shut-downs. 

(3)  There  will  be  no  gas,  water  or  freezing  troubles  with 
electric  drive. 

(3)  The  time  lost  from  rod  breakage  will  in  most  cases  be  cut 
in  half  if  motors  are  installed. 
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(4)  Although  definite  figures  are  at  present  not  available,  it 
may  be  assumed  that  valve  and  cup  troubles  will  be  reduced  several 
per  cent  with  motor  drive. 

(5)  The  other  causes  of  shut-downs  will  probably  not  be  ma- 
terially affected  as  a  whole,  though  some  troubles  will  occasionally 
occur  which  would  be  directly  or  indirectly  remedied  to  a  consider- 
able extent  by  electric  operation. 

That  rod  breakage  is  to  a  considerable  extent  due  to  engine 
drive  has  not  always  been  appreciated.  The  oil  well  motor  during 
pumping  does  not  pick  up  the  rods  with  a  jerk  as  is  the  case  with 
steam  and  gas  engines,  the  speed  of  the  bandwheel  being  practically 
constant  for  the  entire  revolution.  The  rods  are  therefore  less 
liable  to  crystallize  with  resulting  breakage  causing  shut-downs. 
This  condition  with  engines  may  be  somewhat  improved  by  use  of 
a  counterbalance  on  the  walking-beam,  though  it  does  not  make  full 
compensation  because  of  the  greater  change  in  speed  with  engine 
drive  as  the  result  of  even  a  small  change  in  load. 

With  reference  to  rod  breakage,  the  field  superintendent  of  a 
large  company  in  California  which  operates  about  250  wells,  of 
which  100  were  then  electrified,  stated  that  after  motors  were  in- 
stalled this  trouble  was  not  60  per  cent  of  the  amount  experienced 
with  steam  engines.  Another  company  using  gas  engines  in  the 
El  Dorado  field  in  Kansas,  found  that  the  very  large  amount  of  rod 
trouble  which  had  been  experienced  on  about  30  wells  almost  wholly 
disappeared  after  electrification. 

Time  saving. — In  addition  to  a  reduction  of  the  number  of  shut- 
downs, electric  drive  shortens  or  eliminates  many  delays,  such  as 
those  caused  by  steam  lines  full  of  water  after  an  idle  half  hour,  or 
by  the  usual  necessity  of  getting  up  steam  after  longer  periods  of 
idleness,  or  by  the  engine  sticking  on  center  and  obliging  the  opera- 
tor to  make  a  trip  back  to  "kick  it  off,"  or  by  the  difficulties  fre- 
quently encountered  in  starting  gas  engines. 

In  "pulling"  a  well,  a  motor  will  pull  the  first  "stand"  of  tubing 
as  fast  as  the  last  one,  practically  regardless  of  the  load  to  be 
lifted,  while  with  engines  the  speed  is  considerably  reduced  on  the 
heavier  work. 
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The  well-cleaning  gang  soon  finds  that  quicker  work  can  be 
done  with  motors  in  "spotting"  rods  and  tubing  when  screwing" 
them  up,  and  that  practically  no  delay  is  caused  by  over-travel  when 
hoisting  or  lowering  rods  and  tubing.  This  is  all  due  to  the  fact 
that  more  accurate  control  is  obtained  than  with  any  form  of 
engine  drive.  As  a  result,  the  well  is  often  put  back  in  production 
sooner  than  with  other  forms  of  drive. 

Production  is  frequently  lost  at  the  flush  period  during  the  time 

taken  to  set  a  pumping  engine  after  drilling  has  been  completed. 

No  necessity  for  this  delay  exists  with  electric  drive,  for  all  of  the 

pumping  equipment  can  be  installed  before  the  drilling  engine  is 

removed,  or  the  well  can  be  pumped  by  a  small  motor  temporarily 

lined  up  on  the  derrick  floor  while  the  permanent  equipment  is 

being  placed  and  wired.    Ordinarily  less  than  an  hour  is  necessary 

for  the  change  when  the  proper  arrangements  are  made. 

Uniform  pumping  speed. — By  a  drop  in  steam  pressure  and 
quality,  or  in  gas  pressure,  many  a  barrel  of  oil  has  been  lost  to  the 
producer  who  uses  engines  for  pumping.  It  is  well  known  that  a 
change  of  one  or  two  strokes  per  minute  from  the  proper  pumping 
speed  frequently  results  in  a  very  large  variation  in  the  daily  pro- 
duction. That  motors  are  far  superior  in  this  respect  in  maintaining 
production  is  best  illustrated  by  three  cases  which  will  be  cited. 

Several  wells  have  been  equipped  with  two-speed  oil  well  mo- 
tors by  the  Birch  Oil  Company  at  Brea,  California,  and  every  well 
shows  an  increase  in  daily  production  over  that  previously  obtained 
with  steam-engine  drive.  This  increase,  which  is  undoubtedly  due 
to  the  various  causes  discussed  in  the  foregoing  paragraphs,  varies 
from  5  to  41  per  cent.  Records  kept  on  one  of  these  wells  clearly 
indicate  the  effect  of  the  more  uniform  pumping  motion  which  is 
now  obtained.  The  production  over  a  period  of  90  days  after  the 
installation  of  the  motor  was  10  per  cent  more  than  for  the  previous 
90-day  period.  The  maximum  production  of  380  barrels  per  day 
with  engine  drive  was  increased  to  424  barrels  per  day  with  motor 
drive.  One  day  this  well  was  again  operated  by  steam  so  that  a 
transformer  could  be  changed,  and  the  production  for  that  day 
dropped  45  barrels. 
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TABLE  II 

Comparative  Production  With   Steam  Engine  and  Electric  Drive  Under 

Identical  Operating  Conditions  On  the  Same  Well,  Pumping  By 

Engine  At  Night  and  By  Motor  In  Day.    Burma  Oil 

Company,  Singu  Field,  Upper  Burma,  India 

August,  1916  September,  1916 

Barrels  Per  Cent  Barrels         Per  Cent 

Oil   pumped  by   motor 1311  42.5  1310  45.4 

Oil  pumped  by  engine 1777  57.5  1587  54.6 

Hours  Per  Cent         Hours        Per  Cent 

Total  time  motor  operation 271  36.5  270  37.5 

Total  time  engine  operation 473  63.5  450  62.5 


•  •  • 


•  •   •  ■ 


Barrels   per  hour,   motor 4.84  ....  4.82 

Barrels  per  hour,  engine 3.75  ....  3.52 

Tncreiise    in    production    due    to 

motor  drive   28.5  36.0 

TABLE  III 

Increase  of  Production  Obtained  With  Electric  Drive  By  An  Oil  Company 
In  the  Spindletop  Field,  Texas,  Pumping  From  a  "Power' 


.»» 


Barrels    Barrels  Per  Well 
ToUl  Barrels  Per  Day  Per  Day 

Eight  wells  on  steam,  January  and 

February,   1918  9346  158.4  19.8       * 

Same    eight    wells,   electric    power, 

March  and  April,   1918 10791  176.9  22.1 

Increase  (11.6  per  cent) 18.5  2.3 

The  Burma  Dil  Company  in  1916  operated  a  well  in  the  Singu 
field,  in  Upper  Burma,  India,  by  a  two-speed  oil  well  motor  in  the 
daytime  and  by  steam-engine  at  night.  .  The  engine  was  used  as  a 
countershaft  when  the  motor  was  running.  Both  the  motor  and  the 
engine  ran  under  normal  operating  conditions.  Table  II  gives  the 
results,  which  offer  unquestionable  evidence  of  the  superiority  of 
electric  operation. 

In  the  Spindletop  field  in  Texas,  an  oil  company  electrified  a 
steam-engine-driven  "power,"  pumping  eight  wells,  and  increased 
their  production  as  shown  in  Table  III.  This  increase  was  due 
partly  to  the  shortening  of  time  lost  from  shut-downs  and  delays 
and  partly  because  of  the  more  uniform  pumping  speed.  If  to  this 
were  added  the  amount  of  oil  saved  which  had  been  consumed  as 
fuel,  the  total  increase  in  production  would  be  in  the  neighborhood 
of  40  per  cent. 

Several  California  men  who  have  had  considerable  experience 
with  oil  well-motors  over  a  number  of  years  are  of  the  opinion  that 
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the  more  uniform  pumping  speed  has  a  material  effect'in  establish- 
ing better  oil  channels  underground  leading  to  the  wells,  and  in 
keeping  them  more  nearly  free  from  sand  and  caving.  This  can 
reasonably  be  believed,  and  indicates  the  probability  of  a  longer  and 
more  productive  life  of  the  wells,  as  well  as  less  frequent  necessity 
of  cleaning  them  out. 

Lower  operating  expenses. — Enormous  waste  and  losses  have 
long  been  as  much  a  feature  of  oil  production  as  large  fortunes 
suddenly  accumulated.  They  still  remain  so  in  many  places,  but 
to  the  average  man  of  the  fields  they  are  much  less  evident,  though 
far  more  general.  It  is  rfeally  not  so  surprising  that  operating  ex- 
penses are  usually  susceptible  of  extensive  reduction,  and  that  the 
use  of  oil  well  motors  offers  the  means  of  obtaining  remarkable 
results  in  this  respect.  This  fact  is  well  demonstrated  by  a  few 
examples  selected  from  numerous  available  records  for  pumping  on 
the  beam,  which  are  given  in  Tables  IV,  V,  VI  and  VII.  It  must 
be  remembered  that  the  greatly  diversified  conditions  encountered 
in  the  oil  fields  cause  a  wide  variation  in  the  costs  of  operation, 
though  these  check  closely  for  similar  conditions.  The  depth  of 
well,  the  production,  the  size  of  pump,  the  pumping  speed,  the  dis- 
tance between  wells,  the  number  of  wells  operated,  the  gravity  of 
the  oil  and  the  amount  of  water  pumped  with  it  all  have  their 
influence.  Some  other  results,  taking  into  consideration  only  those 
items  affected  by  the  change  to  electric  drive,  such  as  fuel,  water, 
labor,  maintenance,  and  electric  power,  are  given  below. 

The  British  Consolidated  Oil  Corporation,  Ltd.  (now  the  Indian 
&  Colonial  Development  Company)  made  a  saving  in  excess  of  32 
per  cent  on  12  wells  in  the  California  Midway  field. 

TABLE  IV 

Comparative  Costs  of  Gas  Engine  and  Electric  Operation  of  Wells  Pumping 
On  the  Beam  By  a  Large  Oil  Company  in  California 

Gas  Engine  Electric  Motor 

Per  Well  Per  Well 

Per  Day  Per  Day 
Labor,   including   pumpers,    engine    repair    men    and 

electricians   $0,893  $0,589 

Fuel  or  electric  power 0.000  0.800 

Repairs 0.076  0.024 

Lubricating  oil,  waste,  packing  and  miscellaneous 0.186  0.038 

Interest  (7  per  cent)  and  depreciation  (10  per  cent  on 

engines,  4  per  cent  on  motors) 0.509  0.263 

Production  lost  from  shut-downs  on  50-barrel  well,  at 

40  cents  per  barrel 0.586  0.014 

Totals    $2,250  $1,728 
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Saving  by  electricity  over  gas,  per  well,  per  day $    0.52 

Average  saving  per  well,  per  year 189.80 

Note. — These   records  were  obtained  prior  to    1917,  since  when  there 

have  been  large  increases  in  the  cost  of  several  of  the  items. 

TABLE   V 

Comparative  Costs  of  Steam  and  Electric  Operation  of  68  Beam  Wells  By 

An  OU  Company  In  California.    Depth  800  to  1050  Feet. 

Gravity  of  Oil,  14.5  Degrees  Beawne 

Total 
Steam —  Per  Month 

Oil  fuel  at  $1.23  per  barrel $17,650.50 

Labor 2,527.00 

Total    $20,177.50 

Electric — 

Power   $  2,425.00 

Labor    1,435.00 

Interest,  6  per  cent  on  cost  of  electrical  installation 602.00 

Total   $  4,462.00 

Saving  by  electricity  over  steam  per  month $.15,515.50 

Average  saving  per  well,  per  year $  2,773.32 

TABLE  VI 

Operating  Costs  of  15  Steam-Engine-Driven  Wells  and  14  Motor-Driven 

Wells  Pumping  On  the  Beam  During  the  Same  Period  On  the 

Same  Property  in  California.    Average  Depth,  1100 

Feet.    Gravity  of  Oil,  15  Degrees  Beaume 

Total 
Fifteen   Steam   Wells—  Per  Month 

Oil  fuel  at*$1.23  per  barrel $1,881.90 

Labor,  6  firemen  at  $4  per  8  hours 720.00 

Oil  fuel  at  $1.23  per  barrel,  used  to  pump  boiler  feed  water 150.06 

Boiler  repairs    90.00 

Totals    $2,841.96 

Cost  per  well,  per  year $2,273.56 

Fourteen  Electric  Wells — 

Power   $   379.00 

Repairs 40.00 

Total   $   419.00 

Cost  per  well,  per  year $   359. 14 

Saving  by  electricity  over  steam,  average  per  well,  per  year $1,914.42 

Note. — ^The  same  pumpers  and  roustabouts  handled  both  groups  of 
wells.  One  boiler  cleaner  was  employed  for  the  steam  wells  and  one 
electrician  for  the  electric  wells.  Repairs  are  the  average  for  5  years 
operation. 
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TABLE   VII 

Comparative   Costs  of  Pumping  Eight   Beam  Wells  By  Steam  and    By 
Electricity  In  the  Midway  Field,  California.    Depth  1000  To  2800  Feet 

Steam —  September,  1912        October,  1912 

Oil  fuel  at  50  cents  per  barrel $  469.00  $   305.5O 

Labor ^ 448.00  448.0O 

Water .T 449.99  457.83 

Boiler  compound,  lubricating  oil  and  grease 30.00  30.00 


Totals $1,396.99  $1,978.74 

Average  cost  per  well,  per  year $1,978.74 

Electric —                                                                                              January,  1913  February,  1913 

Power    $340.00  $329.90 

Labor    435.00  383.50 

Water    71.00  53.90 

Lubricating    oils    17.50  17.50 


Totals    $863.50  $784.80 

Average  cost  per  well,  per  year $1,236.22 

Saving  by  electricty  over  steam,  average  per  well,  per  year.. $742.52 

Note. — Since  these  records  were  obtained  there  have  been  large  in- 
creases in  the  cost  of  several  of  the  items. 

In  the  Coalinga  field  in  California,  one  oil  company  installed 
motors  on  a  group  of  wells  and  discarded  twelve  boilers,  thereby 
making  a  saving  of  63  per  cent  in  operating  expenses. 

The  Salvia  Oil  Company  (formerly  the  Wabash  Oil  Company) 
in  the  Coalinga  field  could  not  produce  enough  oil,  above  that  used 
for  fuel,  to  pay  operating  expen.ses,  and  was  thereby  forced  to  sus- 
pend operations  until  two  enterprising  operators,  recognizing  the 
possibilities  of  electric  drive,  took  over  the  property,  installed 
motors  on  all  the  wells,  and  are  now  actually  paying  dividends. 

Another  company  saved  24  per  cent  on  12  wells,  and  another  40 
per  cent  on  107  wells. 

Fuel. — As  oil  wells  usually  require  from  60  to  120  kw-hr.  per 
day  for  all  operations  asociated  with  pumping  on  the  beam,  reach- 
ing in  exceptional  cases  about  200  kw-hr.  maximum,  it  is  clear  that 
electric  power  at  prevailing  rates  is  much  cheaper  than  oil  fuel  or 
steam  operation.  It  may  also  be  less  than  gas  fuel  where  the  latter 
has  any  market  value. 

Further  important  points  with  respect  to  fuel  consumption  are 
that  with  electricity  there  is  no  power  consumption  when  idle,  no 
fuel  required  to  get  up  steam  and  no  losses  from  leaky  engine 
valves  and  piping.  Losses  from  the  last  cause  are  well  known  to 
be  considerable  in  the  oil  fields.  Their  worst  feature  is  that  they 
increase  from  year  to  year.     Oil  men  not  familiar  with  electric 
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I>ower  will  be  interested  to  know  that  corresponding  electrical 
transmission  losses  are  not  only  very  low  but  remain  at  a  fixed 
percentage  throughout  the  life  of  the  equipment. 

Labor. — In  Louisiana  in  the  Jennings  field  there  is  a  lease  with 
23  steam  engine-driven  wells  on  which  six  firemen  and  four  pump- 
ers are  required.  Adjoining  is  another  lease  with  13  wells  electri- 
cally operated.  Power  is  generated  on  the  lease.  Two  men  at  the 
power  plant  and  one  man  at  the  wells  keep  things  going.  The 
condition  is  by  no  means  exceptional.  In  general,  one  pumper  can 
look  after  about  S  to  12  gas  engines,  10  to  15  steam  engines,  or  15 
to  20  motors,  depending  upon  the  distance  he  has  to  walk  to  reach 
them.  One  eletcrician  can  maintain  the  equipment  where  several 
pras  engine  and  boiler  repair  men  would  be  necessary,  and  fewer 
firemen  or  none  at  all  are  required,  according  to  the  extent  of 
electrification.  This  saving  in  labor  has  become  very  important 
fince  wages  have  increased,  and  in  a  number  of  instances  has  been 
the  deciding  factor  for  making  the  change  to  electric  drive. 

Water. — The  cost  of  either  boiler  feed  water  or  engine  jacket 
water  runs  high  in  many  fields  because  of  its  scarcity.  Even  then 
the  quality  is  bad  for  the  boilers.  This  expense  becomes  a  thing 
of  the  past  after  motors  are  put  in,  the  saving  alone  in  many  cases 
bring  more  than  the  co'^t  of  electric  power. 
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Repairs  and  lubrication. — There  are  more  than  2000  electrically 
operated  oil  wells  which  have  been  operating  for  periods  of  from 
1  to  12  years  at  which  the  average  repair  expense  on  the  electric 
equipment  has  not  been  1  per  cent  of  the  first  cost.  In  comparison, 
there  are  several  hundred  gas  engine  wells  which  have  operated  not 
more  than  four  or  five  years,  at  which  the  engine  maintenance 
exceeds  11  per  cent.  For  steam  engines  and  boiler  plants,  5  per 
cent  is  considered  a  low  figure.  The  saving  in  expense  for  boiler 
tubes  and  compound,  both  high  because  of  bad  water,  and  the  re- 
duction in  the  amount  of  oil  necessary  for  lubrication,  contribute 
largely  to  the  advantage  of  electric  operation. 

Only  about  20  to  25  per  cent  of  the  investment  necessary  for  a 
stock  of  repair  parts  for  gas  engines  is  required  for  motors,  both 
because  of  the  much  lower  rate  of  depreciation  and  of  the  fact  that 
there  are  fewer  parts  to  wear  put. 

Other  Advantages 

In  several  more  respects  motors  are  a  big  improvement  for  oil 
well  work,  the  following  being  worthy  of  mention : 

Safety. — Greater  safety  of  operation  is  obtained,  as  the  motor 
cannot  run  away  when  the  rods  part. 

Explosions  are  eliminated  and  the  fire  risk  greatly  reduced,  thus 
lowering  insurance  rates. 

Accidents  are  fewer.  One  company  in  the  Mid-Continent  fields 
found  from  an  analysis  of  accidents  to  its  employes  that  one-third 
resulted  from  the  necessity  of  "treading"  the  flywheels  of  gas  en- 
gines to  start  them.  These  could  not  have  happened  with  electric 
drive. 

Reliability  and  convenience. — As  the  speed  of  an  oil  well  motor 
is  practically  independent  of  voltage  fluctuations,  the  motor  can 
always  be  depended  upon  to  give  the  same  speed  on  the  same  con- 
troller point  for  similar  load  conditions. 

A  much  better  motion  of  cleaning-out  tools  is  produced  by  a 
motor  than  by  a  gas  engine.  In  this  respect  it  is  like  a  steam 
engine. 

Electric  control  is  very  simple,  having  no  reverse  lever  or  clutch 
pulley.  Power  is  always  ready  at  a  turn  of  the  controller,  which  is 
handled  from  the  headache-post  in  the  same  manner  as  an  engine 
throttle. 
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The  power  consumption  of  a  motor  can  be  quickly  and  accurate- 
ly measured,  and  thus  indicates  both  the  condition  of  the  well  and 
the  most  advantageous  operating  conditions  from  the  standpoint  of 
cost. 

Motor  equipments  are  cleaner  and  quielct  than  engines.  The 
belts  "and  motor  house  can  consequently  be  kept  cleaner  and  there 
will  thus  be  less  rapid  deterioration  of  the  rig. 

Oil  Well  Motor  Equipments 

The  success  of  electric  oil  well  operation  has  in  no  small  measure 
been  due  to  the  simplicity  of  the  induction  motor  and  its  abihty  to 
withstand  hard  usage  and  to  run  continuously  in  exposed  locations 
and  under  severe  conditions.  To  these  considerations  must  be 
added  the  fact  that  the  motors  are  built  with  the  mechanical  strength 
and  overload  capacity  necessary  to  withstand  oil  field  service. 

Different  types  of  equipments  are  used  for  drilling  and  for  pump- 
ing. Drilling  requires  motors  of  larger  capacity  than  are  necessary 
on  producing  wells,  and  the  method  of  control  is  somewhat  different. 
It  is,  therefore,  advisable  in  all  cases  to  use  separate  equipments 
exclusively  for  drilling,  and,  as  each  well  is  completed,  move  the 
motor  and  control  apparatus  to  the  next  new  rig  and  put  in  a 
pumping  motor  as  a  permanent  installation.     The  pumping  equip- 
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ments  are  therefore  required  in  much  larger  numbers  and  are  of 
first  interest  to  the  producer  because  of  their  direct  effect  on  pro- 
duction and  costs. 

Motors  for  Pumping,  Pulling  and  Cleaning  the  Well 

Motors  for  beam  wells. — Oil  men  generally  prefer  all  of  the 
operations  in  connection  with  pumping,  pulling  and  cleaning  a 
"beam"  well  to  be  performed  by  one  motor,  as  with  engine  drive. 
This  is  done  by  the  two-speed  oil  well  motor,  with  both  speeds 
variable  (Fig.  120),  for  which  the  method  of  control  has  been 
specially  designed  to  satisfy  the  oil  operator  in  every  way.  That  it 
does  so,  and  that  many  of  the  advantages  of  this  type  of  equipment 
cannot  be  satisfactorily  obtained  by  other  means,  have  been  con- 
clusively demonstrated  during  several  years'  experience  in  the  fields. 
The  motor  is  built  in  three  sizes  to  take  care  of  all  conditions  of 
wells.  Figs.  121-12o  inclusive  illustrate  modern  installations  in 
both  California  and  the  Mid-Continent  fields,  and  Fig.  125  shows 
more  clearly  a  convenient  method  of  mounting  the  apparatus  on 
skids. 

The  two-speed  feature. — The  motor  has  a  wound  rotor  for 
variable  speed,  the  latter  being  obtained  by  means  of  a  controller 
and  secondary  resistor  in  the  same  way  as  with  the  standard  type 
of  varying  speed  induction  motor  used  in  other  industrial  work. 
The  oil  well  motor  differs  from  the  standard  motor,  however  in 
having  two  synchronous  speeds,  one  of  these  being  a  low  speed 
suitable  for  pumpinq;  a  well,  and  the  other  a  high  speed,  double  the 
low  speed,  for  pulling,  bailing,  "shaking  up"  and  similar  work.  On 
the  high  speed  the  motor  gives  the  right  motion  to  swing  a  light 
set  of  drilling  tools  for  cleaning-out  purposes.  The  change  from 
the  pumping  to  the  pulling  speed  and  vice  versa  is  made  by  a  switch 
mounted  on  the  motor  frame.  Both  speeds  are  variable  and  revers- 
ible by  the  controller  and  resistor.  The  controller  is  always  mount- 
ed near  the  motor,  as  will  be  seen,  for  instance,  in  Fig.  121,  and  is 
operated  from  the  headache-post  by  means  of  a  "telegraph  cord"  in 
the  same  manner  as  an  engine  throttle.  As  has  already  been  men- 
tioned, no  reverse  lever  is  used,  hence  less  effort  is  expended  by  the 
operator  in  controlling  the  motive  power,  and  he  can  give  better 
attention  to  the  work  at  the  well. 

Deficiency  of  Y-delta  motor. — In  the  early  days  of  oil  well  opera- 
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tion  by  motors  it  was  recognized  that  because  of  the  much  lower 
horse  power  required  for  pumping  than  for  pulling,  an  improve- 
ment in  efficiency  would  be  obtained  by  using  a  motor  with  two 
different  horse  power  ratings.  Such  a  motor  was  accordingly  pro- 
duced, and  it  became  known  as  the  "Y-delta"  type  on  account  of 
the  method  of  change  in  motor  connections  by  a  double-throw 
switch  to  obtain  the  two  ratings.  This  motor,  however,  had  only 
one  variable  speed  at  both  horse  powers,  which  was  a  great  dis- 
advantage in  the  fields.  For  good  efficiency,  full  speed  operation 
was  necessary.  Naturally  this  was  desired  for  pumping,  hence  pul- 
leys were  usually  selected  for  that  condition.  Then  when  the  well 
was  pulled,  the  speed  of  the  band-wheel  was  entirely  too  slow  for 
practical  purposes,  as  it  delayed  getting  the  wells  back  to  produc- 
tion, with  resulting  loss  to  the  producer.  Some  operators  tried 
•  running  the  motor  at  full  speed  for  pulling,  getting  a  better  band- 
wheel  speed  by  suitably  selected  pulleys,  and  then  slowing  it  down 
for  pumping  by  means  of  the  controller.  This  not  only  did  not 
enable  them  to  get  all  the  speed  they  wanted  for  pulling  or  shaking 
up  the  well  but,  worst  of  all,  it  immediately  resulted  in  greatly 
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increased  power  bills,  thus  showing  up  the  greater  waste  of  power 
when  pumping  in  this  inefficient  manner. 

The  expedient  was  then  tried  of  pumping  at  full  speed  with  the 
Y-delta  motor  and  lagging  up  the  bull-wheel  shaft  to  about  twice 
the  standard  size  to  obtain  high  pulling  speed.  Of  course  this  did 
not  bring  up  the  bailing  speed  on  the  sand-reel  or  enable  any  shak- 
ing-up  to  be  done,  and  the  scheme  was  abandoned  because  for  rela- 
tively deep  wells  the  strain  thus  put  on  the  bull-rope  and  gudgeon 
posts  was  so  great  that  the  former  could  not  be  kept  tight  enough 
to  prevent  slipping,  and  the  latter  in  several  instances  were  actually 
pulled  out. 

One  other  method  of  adapting  the  Y-delta  motor  to  these  con- 
ditions, which  was  attempted  but  which  failed  to  solve  all  difficul- 
ties, was  that  of  changing  pulleys  for  pulling.  It  was  such  an  irk- 
some job  that  the  pulling  gang  could  not  be  relied  upon  to  continue 
it,  and  it  always  caused  loss  of  production  from  delay.  This  method 
was  not  successful  for  shaking-up  the  well,  for  the  time  the  motor 
had  been  shut  down  long  enough  to  change  the  pulley  the  well  had 
usually  sanded  up  and  required  an  entire  pulling  job,  with  more 
loss  in  production. 

As  the  Y-delta  motor  thus  failed  under  all  expedients  to  perform 
the  necessary  functions  in  a  satisfactory  manner,  the  two-speed  oil 
well  motor  with  both  speeds  variable  has  superseded  it,  and  fulfills 
all  the  requirements  without  any  change  whatever  in  rig  or  pulleys, 
and  with  a  very  economical  expenditure  of  power. 

Other  features  of  two-speed  motor  control. — The  equipment  is 
provided  with  a  wall-mounted  oil  circuit  breaker  with  inverse  time 
limit  overload  trip  coils  and  under-voltage  release.  If  desired  the 
motor  may  be  protected  on  the  pulling  as  well  as  on  the  pumping 
duty,  for  double-wound  overload  trip  coils  are  used.  These  coils 
are  so  interlocked  with  the  switch  on  the  motor  that  automatically 
the  proper  coil  is  connected  into  the  circuit.  It  is  thus  impossible 
for  the  operator  to  make  an  error  and  insert  the  wrong  overload  coil 
for  either  pumping  or  pulling  duty.  The  inverse  time  limit  feature 
gives  protection  in  proportion  to  the  amount  of  overload,  auto- 
matically opening  the  circuit  breaker  sooner  in  case  of  extremely 
heavy  load  than  when  a  lighter  one  is  encountered,  and  thus  giving 
the  operator  the  benefit  of  the  high  motor  capacity  as  long  as  the 
motor  can  safely  carry  it  without  injurious  heating.     The  under- 
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voltage  release  mechanism  automatically  trips  open  the  oil  circuit 
breaker  in  case  of  failure  of  voltage. 

To  prevent  any  accident  occurring  because  of  the  "telegraph 
cord"  breaking,  the  equipment  may  be  provided,  if  desired  by  the 
operator,  with  a  push-button  mounted  on  the  head  ache- post.  This 
will  open  the  undervoltage  release  circuit  and  thus  trip  open  the 
oil  circuit  breaker. 

In  the  manipulation  of  rods  and  tubing  the  quickest  reversals 
and  the  highest  torque  of  the  motor,  that  is,  its  greatest  ability  to 
pull — are  obtained  on  the  intermediate  controller  points.  It  is  pos- 
sible to  equip  the  controller  with  a  "current-limit"  device  that  will 
automatically  compel  the  operator  to  stop  it  at  the  most  advan- 
tageous point  until  the  motor  has  gained  some  speed.  This  is  use- 
ful in  teaching  him  how  to  handle  an  oil  well  motor,  and  further- 
more it  reduces  the  average  current  input  while  reversing,  thus 
lowering  the  operating  temperature  of  the  motor. 

Another  refinement  used  with  good  results  by  many  oil  compan- 
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ies  is  an  ammeter  mounted  on  top  of  the  oil  circuit  breaker  and 
arranged  for  connection  in  circuit  on  pumping  duty  but  not  for 
pulling.  This  instrument  makes  it  possible  to  tell  whether  the 
walking-beam  is  perfectly  counter-balanced  and  also  gives  the  op- 
erator an  indication  of  when  the  well  begins  to  sand  up. 

Motor  capacity. — ^The  size  of  machine  for  any  particular  well 
depends  to  a  large  extent  upon  local  conditions  and  methods  of 
operation,  rather  than  upon  the  depth  of  the  well  alone,  and  for  this 
reason  these  things  are  necessarily  taken  into  consideration  in  every 
case.  For  instance,  the  heating  of  the  motor  on  heavy  work  does 
not  depend  so  much  upon  the  torque  required  as  it  does  upon  the 
frequency  of  reversing  the  motor,  and  this  is  largely  governed  by 
the  operating  methods,  which  vary  in  different  fields. 

In  general,  experience  haa  shown  that  a  30-h.p.  motor  rated  15 
h.p.  on  the  pumping  speed  (Fig.  120)  is  the  size  suitable  for  the 
great  majority  of  wells.  Sometimes  where  the  depth  is  under  2000 
feet  or  the  duty  is  light  a  25/10-h.p.  motor  will  do  the  work,  but  on 
any  lease  requiring  a  30/15-h.p.  machine  it  is  advisable  to  use  this 
size  on  all  wells  for  the  sake  of  standardization  and  to  keep  the 
repair  part  stork  at  a  minimum.  Very  deep  wells  may  require  a 
50/20-h.p.  motor. 

The  power  input  for  pumping  will  vary  from  day  to  day  and 
even  from  hour  to  hour,  and  may  increase  considerably  in  a  short 
time  when  the  well  is  sanding  up.  P'or  this  reason  the  motors  are 
given  liberal  ratings  for  pumping.  For  handling  rods  and  tubing 
the  motor  may  be  required  to  deliver  very  high  power  for  short 
periods,  especially  in  emergencies  and  on  some  of  the  special  opera- 
tions, swabbing  for  example,  which  are  occasionally  necessary  to 
maintain  the  well  as  a  good  producer.  Although  such  loads  arc 
several  times  greater  than  the  pumping  load,  they  are  easily  handled 
by  these  motors  because  of  their  enormous  overload  capacity  on 
high  speed,  this  being  from  3J4  to  5  times  the  rating  for  pulling,  or 
7  to  10  times  the  rating  for  pumping. 

Separate  motors  for  each  duty. — A  few  operators  have  placed  a 
motor  of  small  capacity  at  each  well  for  pumping  only,  and  use  a 
portable  motor  (Fig.  127)  or  motor-driven  hoist  (Fig.  130)  for  pull- 
ing and  bailing.  This  can  be  done,  if  desired,  where  conditions  do 
not  require  very  frequent  pulling  of  the  wells  ,and  their  spacing  or 
the  character  of  the  country  make  pumping  by  jack  power  imprac- 
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ticable.  In  such  cases  squirrel-cage  or  varying-speed  motors  with 
control  for  reversing  are  used  for  pumping  and  a  high  torque  motor 
with  variable  speed  is  necessary  for  pulling. 

Usually,  however,  the  cost  of  the  portable  hoist,  with  wagon  and 
team  or  a  truck,  together  with  the  expense  for  necessary  plug  con- 
nections for  each  well,  bring  the  investment  up  close  to  that  for  a 
two-speed  oil  well  motor  at  every  well. 

Mechanical  arrangement  for  beam  wells. — The  use  of  a  motor 
belted  to  a  countershaft,  the  latter  belted  to  the  band  wheel,  has 
become  universally  t^tandard  practice  for  beam-wells,  and  all  mod- 
ern equipments  are  are  thus  arranged.  In  the  case  of  wells  having 
a  steam  or  gas  engine  already  installed  but  of  no  further  use,  the 
engine  has  often  been  used  as  a  countershaft,  disconnecting  the 
connecting-rod  and  putting  pulleys  on  the  shaft.  A  cheap  and  sub- 
stantial pulley  has  been  made  by  lagging  the  flywheel  with  wooden 
sections  bolted  to  it. 

The  use  of  oack-geared  motors  ,tried  several  years  ago,  is  no 
longer  considered  desirable  by  oil  men,  and  the  arrangement  has 
been  discarded  in  present  practice. 
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Counterbalancing  beam-wells.— The  ease  of  measuring  the 
power  imput  to  an  electric  equipment  by  a  meter  has  directed  at- 
tention to  the  reduction  in  the  amount  of  power  required  to  pump 
a  well  obtained  by  counterbalancing  the  weight  of  the  rods  on  the 
beam.  This  relieves  the  motor  of  the  necessity  of  hoisting  the  full 
weight  of  the  rods  on  each  stroke.  The  reduction  in  power  is  con- 
siderable, varying  with  local  conditions  from  8  to  22  per  cent,  and 
averaging  about  l-'i  per  cent.  Fuel  consumption  can  therefore  be 
materially  decreased  by  installing  a  counterbalance  on  each  beam- 
well,  regardless  of  the  method  of  drive. 

Rod  breakage  is  another  condition  which  is  being  improved  by 
counterbalancing.    The  uneven  motion  of  the  engine,  particularly 
of  the  gas  engine,  due  to  its  inherent  method  of  action  as  well  as  to 
its  unbalanced  load,  causes  the  rods  to  be  picked  up  with  a  jerk,  and 
the  vibration  thus  produced  is  the  cause  of  much  of  the  rod  break- 
age with   which  every  producer  contends.     Counterbalancing  the 
beam  has  proved  to  be  the  means  of  greatly  reducing  this  in  many 
instances  in  the  California  and  Mid-Continent  fields,  and  is  thus  re- 
sulting   in    a    direct 
saving  in  oil  produc- 
tion    ordinarily    lost 
by   the   shut    downs 
occasioned  by  break- 
age. 

The     counterbal- 
ance  is    believed    to 
be  indirectly  a  valu- 
able means  of  reduc- 
ing   the    amount    of 
waste     emulsion     in 
wells  having  consid- 
erable water.     It   is 
generally  recognized 
that  the  emulsion  is 
caused  by  the  churning  action  produced  by  damaged  or  leaking 
sups  and  valves,  and  this  damage  is  no  doubt  largely  due  to  the 
jerks  and  vibration  mentioned  above.    The  value  of  the  counterbal- 
ance in  reducing  this  content  therefore  lies  in  its  ability  to  smooth 
out  the  pumping  motion. 
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The  use  of  a  counterbalance  is  recommended  on  every  motor- 
driven  rig.  Its  cost  is  nommal.  A  common  type  is  illustrated  in 
Fig.  129  but  the  best  of  the  various  types  in  use  is  the  one  in  which 
the  weight  itself  is  a  concrete  block,  preferably  made  in  several 
sections,  and  supported  from  an  extension  of  the  walking-beam  by 
a  stirrup  which  may  be  moved  to  change  the  leverage  and  thus 
obtain  the  best  equipment.  Suitable  guides  are  used  to  prevent  the 
block  of  concrete  from  swinging  from  side  to  side.  This  method 
of  support  makes  the  weight  100  per  cent  effective,  which  is  not. 
the  case  with  counterbalances  consisting  of  a  heavy  weighted  piece 
of  timber  with  one  end  resting  on  a  post  in  the  ground. 

Motors  for  jack-well  pumping. — Wells  pumped  by  jacks  and 
operated  in  groups  from  a  central  "power"  can  be  electrified  at  a 
comparatively  low  cost  per  well. 

A  countershaft  is  placed  between  the  motor  and  the  "power" 
and  usually  carries  a  friction  clutch  for  starting  the  wells  after  the 
motor  has  been  brought  up  to  full  speed.  The  use  of  such  a  clutch 
on  every  installation  is  desirable,  as  it  relieves  the  motor  of  heavy 
starting  duty  and  thus  enables  a  standard  squirrel-cage  motor  to  be 
used,  whereas  otherwise  it  would  be  best  to  put  in  a  slip-ring  motor 
to  make  it  possible  to  start  the  wells  slowly  and  thus  prevent  break- 
ing the  shackle  rods.  The  complete  equipment  is  very  simple. 
Fig".  128  shows  an  installation  of  this  type.  When  the  wells  are 
cleaned  a  portable  hoisting  equipment  is  employed,  such  as  in 
Fier.  130. 

The  power  required  for  pumping  wells  by  this  method  is  affected 
not  only  by  variations  in  the  depth  of  the  wells,  the  height  to 
which  the  fluid  rises  in  the  wells,  the  gravity  of  the  oil,  the  diameter 
of  tubing,  the  speed  of  pumping,  and  the  general  condition  of  the 
wells  with  respect  to  sand,  gas  and  water  content,  but  also  depends 
considerably  upon  how  well  the  wells  are  balanced  against  each 
other.  Therefore,  the  use  of  an  ammeter  in  the  motor  circuit  is 
desirable  to  tell  this  exactly. 
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Motors  for  Drilling 

Cable-tool  method. — The  standard  type  of  varying-speed  induc- 
tion motor  with  wound  rotor  (Fig,  13o)'  is  the  best  machine 
for  drilling,  the  required  range  in  speed  being  obtained  by 
resistance  in  the  rotor  circuit,  as  with  the  pumping  motor,  but  a 
two-speed  feature  is  neither  necessary  nor  desirable.  An  auxiliary 
controller  provided  in  addition  to  the  main  controller  gives  the  very 
fine  adjustment  of  speed  required  in  cable  drilling  to  make  the 
movement  of  the  beam  accord  with  the  natural  period  of  vibration 
of  the  drilling  line. 

The   main   controller   atone   gives   ten    points   of  control ;   the 
auxiliary  controller  cuts  in  eight  additional  control  points  between 
any  adjacent  points  on  the  main  controller.     This  results  in  a  total 
of  88  points,  which  are  sufficient  to  obtain  the  correct  speed  at  all 
times    without    dan- 
ger of  deadening  the 
movement     of    the 
drilling  bit  and   en- 
dangering   the     line 
and   beam    by   over- 
straining them. 

The  two  control- 
lers are  operated  in- 
dependently from 
the  headache-post 
and  govern  both  for- 
ward and  reverse  Fg.  I?7-?II  h.p..  Ponabl*  Motor  EquLpnunt  tor  Pulling 
Oil  Wells  al  Ihc  BadgL-r  Oil  Co.,  Ha!.slDn,  La. 

operation. 

Other  methods  of  obtaining  variable  speed  by  special  designs 
have  been  tried  on  this  work,  but  the  advantages  gained,  if  any, 
were  not  sufficient  to  warrant  the  increased  cost  of  apparatus  or  the 
additional  attention  and  expense  necessary  to  maintain  it  in  good 
operating  condition.  Simplicity  of  operation  is  a  strong  point  in 
favor  of  the  equipment  now  .standardized  for  this  service,  since  the 
various  drilling  operations  follow  so  closely  upon  each  other  that 
the  driller  cannot  be  put  to  the  inconveniences  of  throwing  switches 
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or  shifting  clutches  each  time,  particularly  when  entirely  satisfac- 
tory results  can  be  obtained  without  going  to  such  trouble. 

In  cable  drilling  the  beam  must  overspeed  and  allow  a  "free 
drop"  of  the  tools  on  the  down-stroke  to  get  the  most  effective  blow, 
and  to  accomplish  this  the  motor  must  slow  down  on  the  up-stroke 
and  speed  up  on  the  down-stroke.  This  characteristic  is  very  satis- 
factorily obtained  with  the  drilling  motor  by  so  proportioning  the 
pulleys  that  some  secondary  resistance  will  be  in  circuit  when  the 
motor  is  operating  at  the  correct  drilling  speed. 

With  electric  drilling  it  is  customary  to  insert  an  ammeter  iii 
the  motor  circuit  and  mount  it  where  it  can  be  easily  seen  by  the 


Fig.   12S— A    35.b.p.    MotDr-drivcD    Bandwhccl    "Power"    for    Puioping    32    Wells    in 

driller.     This  gives  him  an  accurate  indication  of  the  amount  of 
strain  he  is  putting  on  his  casing. 

Rotary  method. — The  same  type  of  motor  used  in  cable  driUing 
is  well  suited  for  driving  the  rotary  table  and  draw-works  and  also 
the  >lush  pump.     Variable   speed   is   needed   in   both   cases,  and 


;t74  PETROLEUM  PRODUCTION  METHODS 

although  a  single  controller  for  each  motor  will  prove  satisfactory, 
some  operators  have  put  in  a  standard  cable-tool  outfit  for  the  rotary 
drive  SO  that  it  would  be  available  to  finish  up  the  well  with  cable- 
tools  when  the  oil  sand  was  reached. 

Motor  capacity  for  either  drilling  method.— The  power  required 
in  drilling  an  oil  well  varies  considerably  for  the  numerous  opera- 
tions. Drilling  itself  is  a  fairly  steady  load  on  the  motor,  while  the 
other  work,  particularly  the  manipulation  of  casing,  is  heavy  and 


129— The  Tyite  of  Count 


very  intermittent  in  character.  Drilling  motors  can  exert  a  very 
heavy  torque  or  pulling  effort,  and  their  ability  to  do  so  in  an 
emergency  is  often  the  means  of  freeing  a  string  of  "frozen"  casing 
which  might  otherwise  have  to  be  "landed"  in  the  hole,  thus  necessi- 
tating the  drilling  being  resumed  with  a  smaller  string.  The  high 
torque  capacity  is  of  particular  value  in  such  operations  as  "spud- 
ding" casing  and  loosening  stuck  tools,  and  in  rotary  drilling  it  is  a 
necessity  in  handling  the  drill  pipe  as  well  as  the  casing. 
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For  the  standard 
size  of  cable-tool  and 
rotary  rigs  and  tools 
now  used  in  the  United 
States,  a  7a-h.p,  ma- 
chine has  been  found  to 
have  sufficient  capacity 
for  all  requirements  in 
drilling  wells  much 
over  2000  feet  in  depth. 
For     more    moderate 

depths  50-h.p.   may  be      pj^  ijo-Portahv  fi«.,Lc  noi„  ir.ed  (or  Puiiin 
sufficient.   Rotary  *^""'"«  >-=''-""^  "•  ■>«  k^'"  R—  y^^K  c.u 

rigs    require    a    100- 

h.p.  motor  where  the    UM|-"'  ' ' — "^     " 

rotary  table  is  oper- 
ated at  a  maximum 
speed  in  excess  of  80 
r.p.m.  If  the  sprock- 
ets are  so  propor- 
tioned that  this 
speed  cannot  be  ex- 
ceeded, which  com- 
pares favorably  with 
the  usual  conditions 
with  steam-engine 
drive,  a  75-h.p.  mo- 
tor will  successfully 
handle  the  work. 
Local  conditions 
must  be  considered 
in  any  specific  case. 
In  some  foreign 
fields  motors  as 
large  as  150  h.p.  are 
used  because  of  the 

different  types  of  rig       Fjb.  UI-A  -|yp,«l  TranBlormer  InstilLlion  Mi.oe  b 

and  methods  of  op-        ^X£.?a\^r/,' ^„'Jl^  '^l^^^n^^L\ 
eration  employed.  ^""^  "'Kiitn^"^'^'  f^'^,^'  ^""^ 
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On  a  rotary  rig  it 
is  an  advantage  to 
use  on  the  slush- 
pump  a  motor  which 
is  a  duplicate  of  that 
for  drilling,  as  fewer 
spare  parts  are  then 
required. 

Mechanical  a  r  • 
rangement.  —  The 
use  of  a  belted  coun- 
tershaft, as  shown  in 
Fig.  121  is  the  ac- 
cepted standard 
method  of  drive  for 
cable-tool  drilling  as 
well  as  for  pumping. 

On  account  of  the 
heavy  strains  to 
which  the  equipment 
is  subjected,  back- 
geared  motors  can- 
■"wora'Th^^riC^'",!.""^^  Co""     ""^^  ^^  recommended 

ol    C.li(ornia    Located"  N«rTurnbu11    Canyo'n    in"*'  for  this  Service. 

Los  Angeles  County.     The  Deplh  on  Junt  23, 

1920.  WHS  4560  Feel.  .    A  few  installations 

have  been  tried  using  a  two-speed  or  three-speed  change-gear 
countershaft  to  obtain  more  economical  speed  variation,  but  they 
have  all  btcn  discarded  because  of  their  rapid  depreciation  under 
the  severe  service.  Furthermore,  the  operators  generally  failed  to 
make  use  of  the  device  because  of  the  time  and  trouble  involved. 
Experience  has  shown  that  ihc  plain  countershaft  drive  and  the 
main  auxiliary  control  are  satisfactory  in  giving  all  necessary  speed 
changes. 

For  rot.Try  drilling  also  a  countershaft  is  needed.  It  is  advisable 
to  use  chain  drive  between  this  and  the  rig  as  this  can  be  better 
adapted  to  the  usual  mechaiiical  arrangement  of  the  draw-works, 
but  the  motor  should  be  belted  to  the  counter  shaft  so  that  it  can 
be  used  for  cable-tool  work  if  necessary. 

In  order  to  facilitate  moving  the  drilling  motor  from  one  rig  to 
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another,  ,i  number  of  the  operators  have  mounted  the  equipment  on 
a  heavy  woodtn  block  provided  with  axles  so  that  wheels  may 
be  put  on  when  it  is  moved.  Ir.  one  or  two  instances  the  wheels  arc 
not  removed  when  the  motor  is  put  in  drilling  service,  but  the  truck 
13  held  in  position  by  means  of  struts.    (See  Figs.  135  and  136.) 

Transformers. — If  an  oil  company  purchases  its  own  transform- 
ers, the  cost  of  electrification  is  of  course  lower  when  an  entire 
group  of  wells  is  equipped  with  motors,  as  one  bank  of  transformers 
can  be  put  in  to  supply  power  for  all.  Less  transformer  capacity 
is  then  needed,  the  only  enough  extra  capacity  must  be  put  in  for 
pulling  and  cleaning  one  or  two  wells  simultaneously.  If  separate 
banks  of  transformers  were  used  for  each  well  they  would  all  need 
to  be  sufficiently  large  for  pulling  and  cleaning  duty.  The  number 
of  wells  that  can  be  operated  from  a  single  bank  will  depend  en- 
tirely upon  their  relativ  e  grouping  and  the  amount  of  power  required 
to  pump  each  one. 

For  drilling  work  it  is  the  best  practice  to  use  a  separate  bank  of 
transformers  for  each  motor.  They  may  be  mounted  on  the  ground 
near  the  motor  .thus  shortening  the  heavy  secondary  lines  and 
making  it  more  convenient  to  move  the  transformers  from  rig  to 
rig,  or  the  method  illustrateil  in  Fig.  1.36  may  be  used. 

If  it  is  preferred  to  mount  them  on  poles,  a  good  method  is  shown 


:.  136— The  Bank  o 
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in  Fig.  131.  This  is  customary  for  permanent  installations  and  en- 
ables the  transformers  to  be  handled  readily  from  a  truck  directly 
underneath,  thus  facilitating  repairs  and  replacements.  High-vol- 
tage lines  can  thus  be  kept  well  away  from  the  derrick,  rigs  and 
buildings. 

Comparative  Costs  of  Developing  Electrical  Power  for  Pumping 

By  S.  G.  GASSAWAY> 

There  are  three  common  methods  of  pumping  in  the  field; 
namely,  by  steam  engines,  gas  engines  supplied  with  natural  gas 
and  by  electric  motors.  The  power  for  the  steam  engines  is  usually 
g^enerated  from  natural  gas  obtained  on  the  lease,  or  if  this  is  lack- 
ing, by  burning  under  the  boilers,  a  part  of  the  oil  produced.  With 
motors,  power  may  be  purchased  as  in  the  case  of  the  California 
■fields  from  the  large  hydroelectric  power  transmission  systems,  or 
:generated  on  the  lease  by  steam,  gas  or  oil  engines.  This  article 
considers  five  schemes  of  pumping  the  wells  both  "on  the  beam" 
and  by  "jacks." 

A.  Installing  electric  motors  at  the  wells  and  jacks. 

B.  Installing  gas  engines  at  the  wells  and  jacks,  and  small  gas 
engine  driven  plant  for  lighting. 

C.  Generating  plant  using  gas  engines. 

D.  Generating  plant  using  condensing  steam  turbines. 

E.  Steam  engines  at  wells  and  jacks,  including  boilers. 

We  have  also  prepared  four  propositions  which  give  the  operat- 
ing costs. 

V.     When  purchasing  power  with  equipment  A. 

W.  Operating  with  individual  gas  engines,  no  power  plant, 
•equipment  B. 

X.  Generating  power  with  plant  C  and  motors  installed  on 
wells  and  jacks,  equipment  A. 

Y.  Generating  power  with  plant  D  with  motors  installed  on 
wells  and  jacks,  equipment  A. 

Z.  Steam  engines  at  wells  using  oil  for  generating  fuel,  equip- 
ment E. 

The  figures  are  based  on  the  average  of  a  number  of  operating 
results  obtained  on  plants  in  the  oilfields  and  elsewhere. 

To  the  end  that  the  figures  given  might  be  applicable  to  as 

^Published  by  permission  of  General  Electric  Review. 
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many  different  field  conditions  as  possible  the  conditions  as  given 
below  have  been  taken  as  best  suited  to  meet  these  requirements. 
Comparatively  deep  wells  (2700-3600  feet)  with  a  naverage  pro- 
duction (80  barrels)  have  been  taken  as  representing  the  more 
severe  and  expensive  production  conditions  and  shallow  "jack" 
wells  as  representing  the  other  extreme,  as  representing  cheap 
production. 

There  may  be  some  questions  as  to  the  amount  charged  to  lost 
production  because  of  shut  downs.  This  is  a  question  on  which 
there  are  about  as  many  differences  of  opinion  as  there  are 
operators.  All  operators,  however,  are  agreed  that  the  more  hours 
the  beam  is  kept  bobbing  up  and  down  the  larger  will  be  the  net 
production  at  the  end  of  the  year.  Therefore,  if  the  wells  are  shut 
down  because  of  repairs  or  other  interruptions  it  is  to  be  expected 
that  the  yearly  production  will  fall  off  correspondingly.  Account 
has  been  taken  that  these  shut  downs  do  not  occur  in  one  continuous 
period,  but  that  the  total  shut  down  is  made  up  of  many  shut  downs 
of  varying  length  throughout  the  year.  Also,  as  there  will  be  a 
"head"  of  oil  on  the  wells  when  they  are  started  up,  the  loss  in 
production  for  a  short  shut  down  will  not  be  as  great  as  for  a  long 
shut  down.  To  be  on  the  safe  side,  no  lost  production  is  charged 
to  the  jack  wells,  as  16  hours  a  year  shut  down  with  motor  drive 
would  not  actually  result  in  any  lost  production,  although  with  the 
larger  shut  downs  due  to  gas  engines  a  loss  in  production  would 
result. 

There  are  more  than  2000  electrically  operated  oil  wells  which 
have  been  operating  for  periods  of  from  1  to  11  years  in  which  the 
repair  expense  has  not  equalled  1  per  cent  of  the  first  cost.  Like- 
wise, there  are  several  hundred  gas  engine  wells  which  have  op- 
erated not  more  than  4  or  5  years  in  which  the  maintenance  exceeds 
11  per  cent.  A  maintenance  of  2  per  cent  on  electric  motors  and  9 
per  cent  on  the  gas  engines  installed  at  the  wells  has  been  assumed. 
A  maintenance  charge  of  6  per  cent  is  allowed  on  the  gas  engines 
and  electric  machinery  in  the  power  plant  as  there  will  be  standby 
units  and  the  plant  is  under  more  expert  supervision  than  in  the 
field.  Likewise  for  the  turbine  driven  plant,  2  per  cent  for  main- 
tenance is  allowed.  For  steam  engines  and  boiler  plants  in  Z,  5 
per  cent  is  allowed  for  maintenance. 

There  may  be  some  difference  of  opinion  as  to  the  earning  ca- 
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pacity  of  money  invested  in  new  wells.    This  article  assumes  that 
the  money  invested  in  new  wells  will  at  least  bring  a  net  return, 
after  all  operating  expenses  have  been  paid,  of  20  per  cent. 
The  conditions  taken  are  as  follows : 

Connected  Load: 

30  wells  "on  beam"— depth  2700-3600  ft. 

65  wells  on  4  "jack  powers" — average  depth  550  ft. 

Size  tubing,  beam  wells — 2y2  in.,  Jack  wells — 2  in. 

Size  pump,  beam  wells — 2^  in..  Jack  wells — 2  in. 

Gravity  oil  33**  B.     Average  production,  beam  wells — 80  bbls. 

Lighting: 

30  kw.  for  3  hours. 
20  kw.  for  9  hours. 

Initial  Unit  Cost  Installation  at  Wells  C) 

Beam  Wells — including  engine  and  motor  house  and  all  equipment 
within  the  house  except  band-wheel  belt,  lease  piping  for  gas  and 
water  and  steam,  water  tank,  electric  transmission  line  on  lease  and 
boiler  plant  in  case  of  steam  engines — all  installed  ready  to  operate 

Steam  Engines    $    1,400.00 

Electric  motors  1,350.00 

Gas  engines    : 1 ,900.00 

Jack  Power  Plants — 17  wells  each 

With  30  horse  power  gas  engine  including  building,  jerk  lines 
to  the  derrick  (but  not  including  pumper  jack  at  wells),  and 
gas  and  water  lines ' $    6,000.00 

Ditto  with  25  horse  power  electric  motor  with  transmission 
line   on   lease $    5,100.00 

Ditto  with  30  horsepower  steam  engine  and  boiler $    6,000.00 

Power  Demand 

Assuming  daily  load  as  follows — 
29  pumping  wells,  beam. 

1  pulling  well,  beam. 

4  jack  powers. 
Lighting  load  as  above. 
Average  power  demand  will  be  377  h.p. 
Peak^25  h.p. 
This  is  equal  to  280  kw.  and  315  kw.  respectively. 

INSTALLATION  COSTS  AT  WELLS 
A.    Electric: 

30  wells  at  $1,350.00 $  40,500.00 

4  jack  plants  at  $5,100.00 '. 20,400.00 


$  60,900.00 
B.    Gas  Engine: 

30  wells  at  $1,900.00 '. $  57,000.00 

4  jack  plants  at  $6,000.00 24,000.00 

$  81,000.00 
30  kw.  generating  plant  for  lights 4,500.00 

$  85,500.00 
(Continued  on  next  page.) 
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INSTALLATION  COSTS  AT  WELLS.— Contnued 

C.  Generating  Plant: 

3-150  kw.  250  h.p.  gas  engine  driven  generators  with  neces- 
sary switchboard,  step-up  station  transformers  and  distri- 
bution transformers  for  power,  with  high  tension  distribu- 
tion lines  on  lease,  and  necessary  station  building — installed 
ready   to    operate $  74,500.00 

D.  Generating  Plant: 

Ditto  except  2-300  kw.  Curtis  turbine  driven  generators 
operating  condensing  complete  with  boilers  arranged  for 
gas  or  oil  firing,  and  necessary  jet  type  condensing  appa- 
ratus and  complete  spray  cooling  system  with  concrete 
pond — installed  ready  \o  operate $  58,800.00 

£.    Steam  Engine: 

30  wells  at  $1,400.00 $  42,000.00 

4  jack  plants  at  $6,000.00 24,000.00 

$  66,000.00 
30  kw.  generating  plant  for  lights $    3,800.00 


$  69,800.00 


OPERATING  DATA 


V.     Purchasing  Power  at  1  cent  per  kilowatt  hour. 

Operating  Coat:  Per  Year 

6  pumpers  at  $105.00  mo.  each $    7,560.00 

1-eIectrician  at  $125.00  mo 1,500.00 

Lubricating  oil    75.00 

Interest  — 6.  per  cent 

Sinking  fund  — 7.  per  cent 

Maintenance  — 2.  per  cent 

Insurance   and  taxes — 1.  per  cent 

16  per  cent  X 

$60,900.00    (A) 9,744.00 

Power  bill  2,452,800  kw.  hours  at  1  cent 24,528.00 

Lost  production  on  30  beam  wells,  producing  80  bbls.  per 
day  each,  due  to  shut  down  of  16  hours  per  year  due  to 
power  failures  and  all  electrical  troubles — 10  bbls.  loss  per 
per  well  per  year  at  $1.00  per  bbl 300.00 

Total  operating  expense $  43,707.00 

W.    Individual  Gas  Engines: 

Operating  Cost:  Per  Year 

8  pumpers  at  $105.00  per  mo $  10,080.00 

1  Electrician  to  operate  light  plant — ^$125.00  per  mo 1,500.00 

2  gas  engine  repair  men 

1  at  $150.00  per  mo. 

1  at  $105.00  per  mo 3,060.00 

(Continued  on  next  page.) 
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OPERATING  DATA.— Contnucd 

Interest  — 6.  per  cent 

Sinking  fund  — 7.  per  cent 

Maintenance  — ^9  per  cent 

Insurance   and  taxes — 1.  per  cent 

23  per  cent  X 

$85,500.00   (B)    19,665.00 

Lubricating  Oil 2,040.00 

Lost  production  on  30  beam  wells,  producing  85  bbl.  per  day 
each  due  to  210  hours  per  year  (average  4  hours  per  week) 
shut  down  because  of  gas  engine,  mixture  and  gas  supply 
troubles  and  time  for  repairs — 400  bbls.  loss  per  well  per 
year  at  $1.00  bbl $  12,000.00 

Earning  power  of  $24,600.  Difference  cost  A  and  B  if  invest- 
ed in  new  wells  at  20  per  cent  net 4,920.00 

Total  Cost  Operation $  53,265.00 

To  operate  will  require  219,000  cu.  ft.  gas  daily  with  flow  to 
carry  over  peak  loads  at  rate  of  244,000  cu.  ft.  day. 

X.    Generating  Power  with  Gas  Plant  C 

Cost  Operating  Equipment  A  same  as  operating  cost  V  ex- 
cept no  power  bill $  19,179.00 

Cost  Operating  Plant  (C) 

Interest  — 6.  per  cent 

Sinking  fund  — 7.  per  cent 

Maintenance  — 6.  per  cent 

Insurance   and   taxes — 1.  per  cent 

20  per  cent  X 

$74,500.00   (C)    14,900.00 

Labor — 2  engineers;  3  oilers  and  helpers;  1  machinist 10,000.00 

Lubricating  oil  and  supplies 900.00 

Earning  power  of  $74,500.00 

Cost  of  power  plant  C,  if  invested  in  news  wells — 20  per 

cent  net   14,900.00 

This  plant  will  require  108,000  cu.  ft.  gas  per  day.  $  59,879.00 

Y.    Generating  Power  with  Steam  Plant  D 

Cost  Operating  Equipment  A  same  as  operating  cost  V  ex- 
cept no  power  bill $  19,179.00 

Cost  Operating  Plant  D 
Interest  — 6.  per  cent 

Sinking   fund  — 7.  per  cent 

Maintenance  — 2.  per  cent 

Insurance   and   taxes — 1.  per  cent 

16  per  cent  X 

$58,000  (D)  $  9.408.00 

Labor  same  as  Plant  X 10,000.00 

Lubricating  Oil  and  Supplies 300.00 

Earning  power  of  $58,800.     Cost  of  Plant  D,  if  invested  in 

new  wells  20  per  cent  net 11,760.00 

Total  Cost $  50,647.00 

This  Plant  will  require  166,000  cu.  ft.  gas  per  day. 

(Continued  on  next  page.) 
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OPERATING  DATA.— Contnucd 

Z.    Steam  Engines— oil  fuel 

8  pumpers  at  $105.00  mo $  10,080.00 

1  Electrician  to  operate  light  plant— $125.00  mo 1,500.00 

8  firemen  for  boiler  plants  (')  at  $105.00  mo 10,080.00 

Lubricating   Oil    1,200.00 

3  boiler  repair  men 4,200.00 

Interest  — 6.  per  cent 

Sinking   fund  — 7.  per  cent 

Maintenance  — 5.  per  cent 

Insurance   and  taxes — 1.  per  cent 

19  per  cent  X 

$69,800  (E) 13,262.00 

Lost  production  on  30  beam  wells  due  to  engine  and  boiler 

troubles,  10  bbls  per  well  per  year  at  $1.00  per  bbl 300.00 

Earning  power  of  $8,900  (difference  cost  A  and  E)  if  invested 

in  new  wells  at  20  per  cent  net 1,780.00 

Selling  value  of  98,100  bbls.  fuel  oil  at  $1.00  bbl 98,100.00 


Total  Operating  Cost '.  .$140,502.00 

RECAPITULATION 

Cost  Cost  Power 

Equipment  Station  Ycarly 

at  wells  Equipment  Operating  Cost 

A  V 
Electric     Motors,     Power     pur- 
chased at  1  cent  kilowatt  hour..     $60,900.00  —              $  43,707.00 

A  D                       Y 
Electric  Motors,  Power  generat- 
ed by  steam  turbines $60,900.00        $58,800.00        $  50,647.00 

B  W 

Gas  Engines    $85,500.00  —              $  53,265.00 

A  C                       X 
Electric  Motors,  Power  generat- 
ed by  gas  engines $60,900.00        $74,500.00        $  59,879.00 

E  Z 
Steam  engines  at  wells,  including 

bailer  plants  burning  oil $69,800.00  —               $140,502.00 

Comparative  Costs  of  Developing.  Power  for  Pumping  in  the  Oil 
Fields  Revised  for  Conditions  in  the  Mid-Continent  Fi^lds^ 

The  complete  analysis  in  the  accompanying  reprint  of  Mr.  S.  G. 
Gassaway's  article  entitled  "Comparative  Costs  of  Developing 
Power  for  Pumping  in  the  Oil  Fields,"  was  based  on  the  approxi- 
mate average  conditions  met  in  the  California  fields,  and  should  be 
somewhat  modified  for  Oklahoma  and  Kansas  conditions,  in  ac- 
cordance with  the  following  recommendations : 


'Comment  by  W.  G.  Taylor.     By  permission  of  General  Electric  Co. 
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(a)  Increase  power  rate  to  2  cents. 

(b)  Increase  value  of  lost  production  to  $2.00  per  barrel. 

(c)  Increase  amount  of  lost  production  with  gas-engine  dri\e 
lo  550  barrels  per  well  per  year  (under  "W")  because  of  more 
shut-downs,  due  to  cold  winter  weather,  than  in  California. 

(d)  Increase  the  earning  power  of  money  invested  in  new 
welJs  to  40  per  cent.  There  are  two  reasons  for  this:  First,  the 
cost  of  a  well  in  Oklahoma  or  Kansas  in  about  one-half  of  that  in 
California;  second,  the  value  of  the  production  is  twice  that  of 
California.  In  other  words,  with  the  same  investment  twice  as 
many  wells  can  be  put  down,  and  if  their  production  per  well  aver- 
ages only  one-half  that  of  California  wells,  the  value  will  still  be 
twice  the  value  of  California  production. 

A  revised  recapitulation  based  on  these  changes  is  as  follows : 

Cost  Cost 

Equipment  Power               Yearly 

at  Station          Operating 

Wells  Equipment             Cost 
Electric  motors,  power  generated  by  steam 

turbines    $60,900  $58,800        $62,707 

Electric  motors,  power  purchased  at  2  cents 

per  kwh   60,900         68,535 

Klcctric    motors,    power    generated    by    gas 

engines   60,900  74,500            75,079 

Gas   engines    85,500         79,185 

Steam    engines    at    wells    including    boiler 
plants   burning   oil 69,800         240,682 

Possibilities  of  Diesel  Engine  Power  Plants 

■ 

Coastal  fields. — On  medium  large  properties  in  the  Gulf  Coast 
field  it  is  possible  to  operate  with  electricity  far  more  economically 
than  with  steam.  The  operators  are  beginning  to  realize  this  and 
in  the  Goose  Creek  and  Spindletop  fields  a  considerable  amount  of 
electrical  equipment  has  been  installed.  The  best  way  to  show  the 
savings  that  can  be  effected  with  electric  power  is  to  take  into 
consideration  a  set  of  hypothetical  conditions.  Take,  for  instance, 
a  property  of  250  acres  on  which  there  are  located  90  producing 
wells  of  average  depth.  We  will  suppose  that  this  property  is  now 
being  operated  with  steam  power.  Ten  of  the  wells  are  isolated,  or 
make  considerable  amounts  of  water,  and  hence  are  operated  with 
standard  rigs.  The  other  80  wells  are  operated  by  jack  lines  from 
three  band  wheel  pumping  powers.  The  powers  are  run  with  com- 
bined steam  and  gas  engines  and  steam  is  used  for  pulling  rods  and 
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tubing  at  the  wells,  for  bailing,  for  running  standard  rigs,  for 
operating  steam  pumps,  and  for  treating  oil.  Steam  is  supplied 
from  one  central  station  with  700  boiler  horse-power  and  one  sub- 
station with  200  boiler  horsepower.  The  reader  can  imagine  the 
number  of  feet  of  steam  lines  necessary  to  supply  steam  at  the 
various  places  where  it  is  needed  on  the  property.  We  will  con- 
sider that  the  production  on  this  property  is  1300  barrels  per  day 
and  that  12  per  cent  of  this,  or  156  barrels  of  oil,  is  used  for  fuel 
at  the  boiler  stations.  We  will  further  consider  the  gas  supply  as 
little  more  than  sufficient  for  running  two  50  horsepower  g^s  en- 
gines located  at  two  of  the  pumping  powers. 

It  is  proposed  to  do  away  with  all  steam  engines,  steam  pumps 
and  gas  engines  on  the  property,  and  to  treat  oil  with  steam,  using^ 
one  small  boiler,  same  to  be  fired  with  the  gas  saved  by  doing^ 
away  with  the  gas  engines.  For  steam  engines  electric  motors  are 
to  be  substituted.  In  place  of  steam  pumps  tail  pumps  ,mounted  on 
the  pitman  end  of  walking  beams  ,and  rod  line  pumps  operated  by 
jack  lines,  are  to  be  used. 

Power  for  running  motors  is  to  be  generated  by  a  260  K.  W. 
generator  direct  connected  to  a  300-horsepower  Diesel  engine.  It 
must  be  borne  in  mind  that  there  is  a  considerable  difference  be- 
tween the  low-compression  crude  oil  or  semi-Diesel  engine  in  small 
horsepowers  and  the  high-compression  type  of  true  Diesel  engine 
made  in  sizes  of  100  horsepower  and  upwards.  The  latter  has  been 
perfected  to  the  point  where  it  is  absolutely  reliable  in  every  respect. 

The  better  makes  of  Diesel  engines  will  burn  any  kind  of  fuel 
and  are  guaranteed  to  operate  on  full  load  with  a  fuel  consumption 
not  to  exceed  0.5  pounds  per  brake  horsepower  hour.  In  other 
words,  a  300-horsepower  engine  would  be  guaranteed  not  to  use 
over  10.6  barrels  of  19  degrees  Beaume  gravity  oil  per  24-hour  day 
when  running  at  full  load.  In  actual  practice  some  of  these  engines 
on  full  load  operate  with  a  fuel  consumption  as  low  as  0.42  pounds 
per  brake  horsepower  hour. 

Providing  that  there  is  enough  gas  available  on  the  property 
under  consideration  for  generating  sufficient  steam  to  treat  the  oil 
the  total  fuel  consumption  per  day  would  be  reduced  from  around 
156  barrels  to  10.6  barrels  by  installing  the  electrical  equipment. 
In  other  words,  the  fuel  consumption  would  be  reduced  from  12  per 
cent  to  0.81  per  cent  of  the  total  production  on  the  property. 
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With  the  equipment  above  referred  to  the  following  expensive 
items  of  upkeep  would  be  done  away  with : 

1.  Repairs  to  boilers,  such  as  replacing  flues,  targets,  etc. 

2.  Repairs  to  gas  engine. 

3.  Repairs  to  steam  lines. 

4.  Upkeep  of  boiler  feed  water  system  and  trouble  with  boiler 
water. 

It  is  important  to  bear  in  mind  that  the  depreciation  on  electrical 
equipment  is  only  about  one-half  what  it  is  for  steam  equipment. 

The  saving  per  year  of  the  electrical  equipment  over  the  steam 
would  be  somewhat  as  follows : 

52,925  barrels  of  fuel  oil  at  $3.00 $158,775.0() 

Maintenance  saving — 

Elimination  of  one  boiler  station,  hence  saving  in  labor  of....       5,512.50 
Estimated  saving  per  year  in  repairs,  renewals,  lubricants,  etc. . . .       1,300.00 

Total    $165,587.5() 

The  cost  of  installing  the  proposed  electrical  equipment  is  es- 
timated to  be  about  as  follows : 

m 

One  300-horsepower  Diesel  engine. 

One  260  K.  W.  Generator,  2200  volts. 

Thirteen  8/25  horsepower,  two  speed  motors  for  operating  stan- 
dard rigs,  portable  hoisting  engines,  machine  shop,  etc. 

Three  50-horsepower  motors  for  operating  pumping  powers. 

Miscellaneous  transformers,  switchboards,  exciter,  etc.,  etc. 
Total    $59,400.00 

Installation  of  above,  including  all  foundations,  buildings,  poles, 
wiring,   etc 22,000.00 

Total   $81,400.00 

Salvage  value  of  equipment  to  be  replaced 8,300.00 

Net  cost  of  new  equipment $73,100.00 

From  the  above  it  can  be  seen  that  the  electrical  equipment  for 
this  property  will  pay  for  itself  in  about  five  or  six  months'  time. 
As  the  coastal  crudes  get  scarcer  equipment  of  this  kind  will  forge 
to  the  front  very  rapidly. 

Comparison  of  Diesel  Engines  and  Steam  Turbines  for  Operating^ 

Electric  Generating  Equipment 

Throughout  the  southwest  oil  operators  are  beginning  to  see 
the  benefits  of  electrification  of  properties.  In  many  cases  it  is 
necessary  for  these  companies  to  generate  their  own  power  as  there 
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is  very  little  power  for  sale  in  the  fields.  In  discussing  the  question 
of  central  generating  stations  the  question  immediately  arises  as 
to  whether  it  would  be  cheaper  to  install  Diesel  oil  engine  driven 
generators  or  steam  turbine  |;enerators.  In  general  it  can  be  said 
that  in  plants  of  around  1000  h.  p.  the  fuel  consumption  in  Diesel 
engine  driven  plants  will  be  only  about  one-third  of  what  it  is  in 
steam  turbine  driven  plants.  On  the  other  hand  the  oil  engine 
installation  will  cost  almost  twice  that  of  a  turbine  driven  station 
and  the  depreciation  per  month  on  the  oil  engine  station  will  be 
almost  twice  as  high.  Oil  engines  work  very  nicely  on  steady, 
constant  loads  but  they  are  at  a  great  disadvantage  when  handling 
variable  loads.  They  are  entirely  incapable  of  overload.  Steam 
turbines,  are  considerably  less  subject  to  mechanical  troubles  than 
oil  engines  and  hence  give  more  constant  service.  They  handle  a 
fluctuating  load  very  successfully  and  are  subject  to  overload. 
Therefore  it  is  not  necessary  to  have  as  large  an  installation,  horse- 
power for  horsepower,  of  turbines  as  of  oil  engines. 

Comparison  of  cost. — A  plant  designed  for  900  kilowatt  duty,  will 
cost  (19?0)  about  $272.00  per  kilowatt,  installed  for  the  Diesel 
engine  drive  and  $163.00  per  kilowatt,  installed,  for  the  steam  tur- 
bine driven  installation.    This  might  be  detailed  as  follows : 

Comparison  of  Cost  of  Diesel  Engine  Driven  and  Turbine  Driven 

Central  Stat.'on 

Steam  Diesel 

Turbine  Plant         Engine  Plant 

Building    $  17,500.00  $  13,500.00 

Foundations    9,200.00  9,000.00 

Three  480-h.p.  oil  engines,  installed 165,000.00 

Three  300-h.p.  turbines,   installed 44,000.00 

Three  300-hp  generators,  installed 30,000.00 

Boilers    26,800.00 

Steam  auxiliaries    27,000.00 

Piping,  pumps,  etc •. .'.  6,000.00  4,500.00 

Fuel    system    1,100.00  3,000.00 

Switchboard  and  wiring   12,000.00  12.000.00 

Spares    900.00  900.00 

Miscellaneous    3,500.00  7,000.00 

Totals    $148,000.00        $244,900.00 

Cost  per  k.  w.  installed 163.33  272.11 

It  is  figured  that  a  1500  kilowatt  station  in  the  Gulf  Coast  sec- 
tion will  cost  about  $430,000.00  for  a  Diesel  engine  drive  and  $250,- 
'OOO.OO  for  a  steam  turbine  drive. 

Fuel  consumption  calculation. — A  full  Diesel  oil  engine  which 
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guarantees  to  deliver  a  brake  horsepower  on  less  than  0^47  pounds 
of  20  degrees  Beaume  oil  (7,781  pounds  per  gallon)  will  deliver 
10  5a  kilowatt  hours  at  the  generator  per  gallon  of  oil.  This  is 
equal  to  about  9!^  kilowatt  hours  per  gallon  of  oil  at  the  switch-- 
board. 

A  steam  turbine  which  guarantees  to  deliver  a  kilowatt  hour  on, 
20  pounds  of  steam  will  deliver  4.S4  kilowatt  hours  on  one  gallon 
of  20  degrees  Beaume  oil  using  steam  from  a  boiler  which  evapo- 
rates 12  pounds  of  water  to  steam  per  pound  of  oil.  This  is  equal  to 
about  S^kilowatt  hours  per  gallon  of  oil  on  the  switchboard. 

The  000  kilowatt  installation  above  referred  to  would  operate 
on  about  700  barrels  of  oil  per  month  in  a  Diesel  engine  driven 
station  and  2000  barrels  per  month  for  a  turbine  driven  station. 
At  $3.00  per  barrel  for  fuel  this  would  make  a  saving  of  $3,900.00 
per  month  in  favor  of  the  Diesel  engine  driven  station. 

A  1500  kilowatt  station  running  at  about  two-thirds  load  should 
not  use  more  than  1500  barrels  per  month  with  oil  engine  drivK 
rind  approximately  3500  barrels  per  month  with  steam  tubing  drive. 
Thir,  gives  a  saving  of  2000  barrels  per  month  in  favor  of  the  oil 
engine  drive. 


Electric  Power  Required  for  Various  Oilfield  Operations 

A  paper  on  "Motor  Equipments  for  the  Recovery  of  Petroleum" 
by  W.  G.  Taylor,  presented  at  the  annual  convention  of  the  Amer- 
ican Institute  of  Electrical  Engineers  (1916)  contains  data  regard- 
ing the  amount  of  power  consumed  in  various  oilfield  operation.s. 
Handling  the  casing  is  recognized  as  the  operation  that  makes  the 
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heaviest  demand  on  the  prime  mover,  whether  steam  engine  or  elec- 
tric motor.   Fig.  157  shows  graphically  the  variations  in  the  power 
required.    The  motor  in  question  was  rated  at  50  h.  p.    The  charac- 
ter of  bailing  and  drilling  re- 
,  quirements  is  shown  in  Fig. 

138.     It  should   be   remem- 
bered  that   both   these   dia- 
f4  grams    read    from    right    to 

I  left.    The  total  consumption 

of  power  during  the  drilling 
1  of  any  given  well  will  vary 

approximately  as  the  square 
^„  of  the    depth    of    the  well. 

Fig.  us-c«rve  o^[_^Power^^D,m.«d  in  i>rinmg  prpm  actual  fecords,  an  800- 
foot  well  required  about  3000 
kilowatt-hours,  while  a  well  2060  feet  deep  required  about  37,000 
ki'owatt-hours.  Slip-ring  induction  motors  are  generally  used  for 
drilling.  A  50-h.p.  is  usually  employed  for  wells  up  to  2500  feet 
deep,  but  a  75-h.p.  motor  is  sometimes  needed. 

While  electric  motors  are  used  to  some  extent  for  drilling  with 
cable  tools,  and  even  for  drilling  with  a  rotary  outfit,  most  of  the 
motors  in  the  oilfields  are  used  on  producing  wells  for  pumping, 
-cleaning,  pulling  tubing,  etc.  The  size  of  motor  needed  for  pump- 
ing is  determined  by  general  practice,  rather  than  by  theoretical 
-considerations.  The  following  is  a  summary  of  records  from  over 
«00  wells  in  the  California  fields: 

Berth  of  wells 900  to  3100  ft,,  average  1430  ft. 

Length  of  stroke 29  to  32  in. 

Strokes  per  minute 20  to  30,  average  24 

Diameter  of   tubing 3  in. 

Power  required 1  to  5  hp.,  average  3.5  to  4  hp. 

Exceptional  wells  in  California  have  required  as  high  as  16  to 
17  hp.  at  times.  In  Louisiana  some  heavy  pumping  wells  have 
"been  encountered,  one  in  the  Evangeline  field  requiring  the 
following: 

Depth,   ft 1000 

Length  of  stroke,  in 30.5 

Strokes  per  min 40 

Diameter  of  tubing,  in 2.5 

Power  required,  hp -■ 9.5 
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Another  Louisiana  well  in  the  Caddo  field  gave  test  results  as 

follows : 

Depth,   ft 1000 

Length  of  stroke,  in 37.5 

Strokes  per  min ^ 38 

Diameter  of  tubing,  in 3 

Power  required,  hp 17.5 

The  following  formula  is  suggested  for  computing  the  power 
required  for  pulling  tubing  rods,  and  is  based  on  the  assump- 
tion of  a  mechanical  efficiency  for  the  rig  of  50  per  cent: 

WXdXN 

hp.  =  

63,000XL 

in  which  W  =  weight  lifted  in  pounds. 

d  =  diameter  of  bull-wheel  shaft  in  inches. 

N  =  rev.  per  min.  of  bull- wheel. 

L  =  number  of  lines  used  in  the  tackle. 

Swabbing  a  well  sometimes  results  in  a  peak  load  as  great  as 
TO  kilowatts.  The  total  monthly  power  consumption  for  a  pro- 
ducing well,  including  pumping,  pulling  rods,  etc.,  ranges  between 
1350  and  6000  kilowatt-hours,  with  an  average  of  about  2100. 

Slip-ring  induction  motors  are  nearly  always  used  for  a  produc- 
ing well.  These  are  of  the  Y-delta  or  the  two-speed  type.  In  some 
cases  one  motor  is  used  for  ptimping  a  well,  and  a  separate  portable 
motor  and  outfit  serves  for  pulling  tubing  and  cleaning  several 
wells.  While  this  allows  each  motor  to  be  designed  especially  for 
the  particular  work  it  is  to  do,  most  operators  find  it  more  con- 
venient to  use  a  single  stationary  motor  for  all  purposes.  Where 
a  separate  portable  motor  is  used  it  may  be  coupled  to  a  hoist 
mounted  on  a  truck,  or  the  motor  alone  may  be  portable  and 
designed  to  be  belted  to  the  countershaft  at  each  well. 

Motors  are  also  used  in  connection  with  pumping  jacks.  This 
system  requires  2.5  hp.  per  well  per  day  on  an  average,  a  consid- 
erable saving  over  individual  operation.  Jacks  are,  however,  seldom 
used  except  when  the  production  per  well  is  comparatively  low, 
since  it  is  impossible  to  pump  each  well  at  the  most  advantageous 
speed. 
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Cost  of  Generating  Electric  Power  With  Diesel  Engines — 1916 

A  report  presented  at  the  convention  of  the  National  Electric 
Ught  Association  contains  some  interesting  data  regarding 
Diesel-engine  plants.  The  cost  of  Diesel-engine  plants,  com- 
plete, with  generators  and  all  auxiliary  equipment,  will  ordinarily 
range  from  a  little  over  $100  per  kilowatt  capacity  in  large  plants  to 
$150  in  small  plants.  Two  plants  in  Texas,  one  of  about  1000  and 
the  other  of  600  kilowatts  capacity,  cost,  exclusive  of  the  power- 
plant  buildings,  about  $128  each  per  kilowatt  capacity.  Including 
buildings  the  cost  would  be  between  $140  and  $160  per  kilowatt. 
The  fuel  consumption  in  a  plant  of  moderate  size,  is  about  0.1 
g^allon  per  kilowatt-hour. 


CHAPTER  VI 


PIPE  LINES 


CONSTRUCTION  AND  OPERATION 

GAS  PIPE  LINES' 

During  the  early  development  of  the  natural  gas  industry,  the 
pioneers  in  the  business  made  many  experiments  with  different 
styles  of  pipe  and  joints.  Many  tests  were  made  on  the  different 
joints,  gates  and  various  fittings. 

The  first  line  laid  was  a  small  wooden  line,  which  was  laid 
from  the  Newton  well  to  Titusville,  Pennsylvania,  in  1872.  Small 
screw  lines  were  next  used,  and  were  followed  by  leaded  joint  line, 
which  later  developed  into  the  rubber  gasket  joint  of  the  present 
day. 

Plain  end  or  rubber  joint  lines. — A  coupling  for  plain  end 
pipe  consists  of  a  center  ring,  two  followers  and  two 
rubber  gaskets.  (See  Fig.  139.)  When  laying  a  coupling 
line,  skids  are  placed  across  the  ditch  and  the  pipe  is  either 
carried  or  rolled  on  the  skids  (according  to  size  and  weight). 
One  follower,  one  gasket  and  the  center  ring  are  placed  on  the 
first  joint,  and  the  other  follower  and  gasket  are  put  on  the  next 
joint,  which  is  fitted  into  the  center  ring  on  the  first  joint.  Bolts 
are  then  placed  through  the  followers  and  they  are  drawn  up 
against  the  center  ring  forcing  the  gaskets  against  the  center  ring 
and  pipe,  making  a  tight  joint  very  similar  to  a  stuffing  box.  (See 
Fig.  No.  140).  After  a  section  of  line  has  been  laid,  it  is  lifted 
off  the  skids  by  means  of  short  scaffolds  or  horses  and  lowered 
into  the  ditch  as  the  skids  are  removed.  Great  care  must  be  exer- 
cised in  lowering  coupling  lines,  or  the  joints  will  be  strained  and 
leaks  develop. 


^By  C.  £.  Brock,  (Trans.  Am.  Soc.  Mech.  Engrs.) 
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A  great  many  different  styles  of  couplings  have  been  used, 
starting  with  cast  iron  couplings,  which  make  excellent  joints,  but 
are  too  heavy  and  easily  cracked,  if  strained  when  the  pipe  is 
lowered  into  the  ditch.  Practically  all  couplings  used  today  are 
made  of  steel  and  are  built  on  one  of  two  designs,  viz.,  outside  fol- 
lowers, which  fit  over  the  center  ring,  and  inside  followers,  which 
fit  under  the  center  ring!    (See  Fig.  No.  141). 

It  is  the  writer's  belief  that  the  outside  follower  coupling  is 
the  most  practical  for  the  reason  that  it  is  impossible  for  the  rubber 


to  blow  out  between  the  follower  and  the  center  ring,  while  with 
an  inside  follower,  a  part  of  the  rubber  is  pushed  over  the  fol- 
lower, and  there  is  nothing  to  prevent  the  rubber  from  blowing 
out  between  the  follower  and  the  center  ring,  in  which  case  the 
gas  flow  cannot  be  shut  off  temporarily  with  wooden  wedges 
while  repairs  are  being  made. 

Repairing  coupling  lines  — Leaks  on  coupling  lines  occur  from 
three  different  causes,  viz.,  rubber  blowing  out,  cracked  center  ring 
or  broken  follower,  and  in  case  the  leak  is  of  any  consequence,  it  can 
be  repaired  without  interrupting  the  service,  by  installing  an  emer- 
gency sleeve  over  the  coupling. 

This  sleeve  is  made  in  six  pieces — two  large  halves  and  four 
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half  followers,  which,  when  jointed  together,  make  a  joint  similar 
to  a  coupling.  The  large  halves  also  have  inside  rubbers,  which 
make  them  gas-tight,  and  a  relief  valve  is  located  in  the  top  half, 
through  which  the  gas  flows  while  the  repair  is  being  made,  and 
when  completed)  the  valve  is  closed,  making:  a  tight  joint.  (Fig.  No. 
142).  The  sleeves  are  left  on  until  it  is  convenient  to  shut  the 
line  out  to  remove  them,  and  repair  or  replace  the  coupling. 

With  the  development  of  natural  gas  in  the  Mid-Continent  field, 
it  was  found  that  the  rubbers  heretofore  used  in  coupling  lines 
were  affected  by  the  gasoline  in  the  gas,  and  after  a  short  time 
were  eaten  out.  About  six  years  ago  gasoline-proof  rubbers  were 
put  on  the  market,  and  practically  all  lines  laid  with  these  rubbers 
have  given  very  little  trouble.  These  rubbers  have  a  tendency 
to  enlarge  when  saturated  with  gasoline,  and  in  this  way  make  a 
very  tight  joint.  On  a  pipe  line  system  in  California,  it  was  found 
after  a  gasoline  plant  was  installed  that  leaks  occurred  along  the 
line  due  to  shrinkage  caused  by  the  rubbers  drying  out,  and  it 
became  necessary  to  by-pass  the  gasoline  plant  occasionally  and 
allow  the  rubbers  to  become  saturated  with  gasoline  until  they 
were  swelled  sufficiently  to  shut  off  the  leakage. 

The  great  advantage  in  laying  a  coupling  line  is  the  speed  at 
which  it  can  be  laid.  There  is  practically  no  limit  to  the  amount  of 
any  size  of  plain  end  pipe  which  can  be  laid  in  one  day  except  the 
number  of  men  employed  on  the  work.  While  screw  pipe  will  carry 
higher  pressures  than  plain  end  pipe,  the  following  table  of  tests  will 
demonstrate  the  ability  of  plain  end  lines  to  carry  high  pressure 
with  a  margin  of  safety. 

Size,    inches 6 

Weight,    lbs 17 

Pressure  450 

Welded  lines. — In  the  natural  gas  business,  a  large  amount  of 
screw  pipe  and  casing  becomes  useless  after  being  used  once  or 
twice  unless  it  is  re-threaded  and  new  collars  put  on.  To  eliminate 
this  expense  by  using  casing  unfit  for  further  use  in  drilling,  experi- 
ments in  laying  welded  pipe  lines  were  started  in  1916. 

Several  small  lines  were  laid  in  the  Mid-Continent  field,  and  gas 
men  were  so  well  pleased  with  the  results  that  attempts  at  welding 
large  lines  were  made.     A  10-inch  line  was  laid  by  the  Wichita 
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Pipe  Line  Company  from  Drumright  to  Cashing,  on  which  very 
few  leaks  have  occurred  since  the  completion  of  the  line.  The 
Oklahoma  Natural  Gas  Company  laid  a  10-inch  line  from  Dilwortli 
to  Enid  with  good  results,  allowance  being  made  for  expansion 
and  contraction  by  digging  a  wide  ditch  and  blocking  the  line 
first  on  one  side  of  the  ditch,  then  on  the  other.  Later  the  blocks 
were  burned,  leaving  sufficient  slack  in  the  line  to  care  for  all  the 
expansion  or  contraction. 

In  1917  the  Wichita  Natural  Gas  Company  laid  a  12-inch  line 
from  the  El  Dorado  field  to  Valley  Center,  Kansas,  but  this  line  did 
not  give  as  good  results  as  the  10-inch  line  mentioned.  A  great 
many  breaks  occurred,  and  in  places  this  line  would  pull  apart 
three  or  four  inches. 

Another  12-inch  line  laid  by  the  Empire  Gas  and  Pipe  Lint 
Company  from  Bigheart  to  Hominy,  Oklahoma,  also  gave  con- 
siderable trouble,  breaking  as  often  as  sixteen  times  in  twenty-four 
hours. 

All  of  the  above  mentioned  lines  were  laid  without  expansion 
sleeves  or  couplings,  and  after  watching  closely  the  operation  of 
these  lines,  it  is  the  opinion  of  the  writer  that  it  is  impracticable 
CO  lay  welded  lines  larger  than  10-inch  without  allowing  for  ex- 
pansion and  contraction. 

The  process  of  laying  welded  lines  must  necessarily  be  slow 
on  account  of  the  time  required  to  make  a  weld  and  the  scarcity 
of  good  welders.  The  field  is  full  of  welders,  who  are  graduates 
of  welding  schools,  where  they  are  taught  to  weld  castings  and  flat 
steel ;  but  these  men  must  be  taught  how  to  weld  pipe  after  they 
reach  the  job. 

Large  lines  are  usually  welded  in  sections  of  six  or  eight  joints 
before  lowering  into  the  ditch,  and  bell  holes  dug  to  weld  the  line 
solid.  This  process  saves  much  time  and  digging,  and  gives  the 
welder  a  chance  to  roll  the  pipe  when  welding,  rather  than  lay 
on  his  back  in  the  ditch  to  weld  the  bottom  of  the  joint. 

The  two  principal  welding  irons  used  are  vanadium  steel  and 
Norway  iron,  both  of  which  are  good;  but  better  results  are 
obtained  with  the  Norway  iron  on  account  of  it  being  a  softer 
metal. 

The  greatest  drawback  to  welded  lines  is  the  great  inconven- 
ience and  danger  in  repairing  a  break.     It  is  almost  impossible 
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to  repair  a  cracked  weld  with  high  pressure  in  the  line  for  two 
reasons:  First,  if  the  crack  is  very  large,  the  gas  pressure  will 
"be  too  great  to  permit  the  use  of  an  emergency  sleeve.  Second,, 
if  the  top  half  of  the  sleeve  is  accidentally  dropped  on  the  pipc*^ 
the  weld  is  likely  to  give  way  entirely,  allowing  a  large  volume 
of  gas  to  escape,  and  blow  the  top  half  of  the  sleeve  and  the  men 
out  of  the  ditch.  In  order  to  avoid  such  danger,  the  writer  found  it 
advisable  to  instruct  all  field  men  to  always  shut  out  and  drain 
a  welded  line  before  attempting  repairs,  which  of  course  would 
be  disastrous  to  the  service  if  the  line  were  the  only  source  of 
supply  to  the  market. 

The  writer  does  not  recommend  welded  lines  in  sizes  larger 
than  8-inch  without  using  a  coupling,  or  expansion  sleeve,  every 
six  or  eight  joints;  but  lines  smaller  than  8-inch  can  be  laid  suc- 
cessfully and  in  connection  work,  such  as  wyes,  tees,  ells,  etc., 
welded  work  can  be  depended  upon,  and  if  properly  done,  a  greai 
saving  is  effected. 

Excellent  work  has  been  done  with  the  welding  process  in 
building  meter  stations,  regulator  stations,  gasoline  plants  and  re- 
fineries, in  the  construction  of  which  it  is  necessary  to  do  a  large 
amount  of  pipe  fitting,  which,  when  constructed  with  threaded 
nipples  and  flanges,  is  slow  and  expensive. 

In  pipe  line  work,  it  is  more  practical  to  use  acetylene  and 
oxygen  in  tanks,  on  account  of  the  necessity  of  moving  often; 
but  in  stationary  work,  an  acetylene  generator  can  be  used,  and 
the  acetylene  generated  at  about  half  the  cost  of  the  same  in  tank;*. 

The  following  table  of  tests  on  strength  of  welds,  made  by  the 
Kansas  City  Testing  Laboratory,  shows  the  relative  strength  of 
the  weld  to  the  pipe ; 

WELDING   ROD   TESTS 

%  of  %  o( 
elastic  limit    ultimate 
of  welded     strength  of 

Elastic     Ultimate      Elonf^-  Reduc.  sample  to  welded 

.    .  limit  per    strength    tion  %  in     tion      unwelded  sample  to 

.     Description  sq.  in.    per  sq.  in.    8  inches    area  %     sample  unwelded 

Vauadinm   No.    1    46250  56870  11  75 

Vanadium   No.   2    75360  79600  10  75 

Norway    No.    1    42600  50300  35  60 

Nonrar    No.   2    63620  59200  20  75 
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PIPE  AND    WELD   TESTS 

%  oi  %  of 

elastic  limit     ultimate 
of  welded     streiig:th  of 
Elastic    Ultimate      Elonga-  Reduc.  sample  to       welded 
limit  per    strength    tion  %  in     tion       unweldcd      sample  to 
Description  sq.  in.    per  sq,  in.    8  inches     area  %     sample         unweldcd 

Pipe   Sample    No.   1    48000  56360  22  40 

Welded    Sample    No.    1     46350  54660  8  21  96  97 

Welded   Sample    No.   2    38800  38800  0  0  81  69 

Welded   Sample   No.   3    37600  41000  3  12  88.3  72.6 

Welded    Sample    No.    4    31940  31940          -     0  0  67  54.5 

Pipe    Sample    No.    2    42280  60080  22  40 

Welded  Sample  No.  1    39400  44620  3  16  93.5  74.3 

Welded  Sample  No.  2  38680  42800  3  12  91.5  71.4 

Welded   Sample   No.   3    38080  51190  5  18  90.1  85.3 

Welded   Sample    No.    4    33950  47750  6  11  80.2  74.1 

In  these  tests,  four  different  brands  of  welded  samples  and  two 
different  brands  of  pipe  were  used. 

Screw  lines'. — Screw  lines  are  laid  by  two  different  methods,  viz., 
by  hand  and  machine.  Tn  laying  pipe  by  hand,  one  of  the  gang,  des- 
ignated as  a  "stabber,"  starts  the  joint  of  pipe  into  the  collar  of  the 
preceding  joint  and  rolls  it  by  hand  for  several  threads  to  see  that  it 
is  not  cross-threaded.  The  joint  is  then  screwed  up  as  far  as 
possible  with  a  snubbing  rope,  and  tongs  are  used  to  tighten  it. 
These  tongs  are  equipped  with  a  square  key,  which  is  the  only 
gripping  surface  on  the  tongs,  and  this  key  can  very  easily  be 
turned  or  replaced.  Before  laying  screw  pipe,  the  threads 
should  be  oiled  with  a  heavy  oil  or  pipe  dope,  which  will 
aid  in  screwing  up  the  joint,  and  will  also  preserve  the  threads  and 
make  the  joints  easy  to  break  when  reclaiming  a  line. 

Screw  connection  work,  where  only  flange  unions  are  used,  is 
a  very  particular  job,  requiring  great  patience  and  accuracy;  but 
when  completed,  makes  the  best  connection.  However,  a  large 
amount  of  screw  connection  work  is  finally  connected  with  a  solid 
steel  sleeve,  similar  to  a  plain  end  coupling,  but  of  greater  length, 
to  allow  for  expansion  or  contraction. 

Several  machines  are  manufactured  with  which  it  is  possible 
to  lay  screw  lines  by  power.  This  method  is  much  faster  than 
laying  with  tongs,  but  requires  careful  supervision  to  avoid  screw- 
ing up  a  joint  cross-threaded,  or  burning  the  threads  by  running 
up  a  joint  too  fast. 

Two  principal  pipe  machines  used  in  the  Mid-Continent  field 
are  the  Buckeye  and  Mahoney,  or  California  pipe  machine. 

^Editorial  Note. — This  data  applies  equally  well  for  oil  pipe  liiies.  \ 
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The  Buckeye  machine  moves  on  caterpillars,  and  the  pipe  is 
laid  from  the  back  end  of  the  machine. 

The  Mahoney  machine  is  not  equipped  with  caterpillars,  but 
moves  on  the  pipe  by  means  of  a  traveling  gear,  which  is  operated 
by  a  clutch.  When  a  joint  has  been  laid,  a  jack  is  placed  under  the 
head  end  of  the  joint,  and  the  machine  moves  ahead  to  the  end  of 
the  joint  by  means  of  this  traveling  gear.  The  machine  is  also 
equipped  with  a  jack  on  which  it  is  raised  by  power  to  take  the 
weight  off  the  pipe  while  another  joint  is  being  screwed  up.  Two 
sets  of  tongs  are  located  on  the  front  end-  -one  tor  backups  to  hold 
the  joint  previously  laid,  and  another  co  tighten  the  next  joint. 
When  it  is  desired  to  make  an  over-bend  in  the  pipe,  it  is  merely 
necessary  to  place  a  jack  under  the  pipe  at  the  point  where  the 
bend  is  to  be  made,  and  run  the  machine  ahead  far  enough  to  give 
the  desired  weight  to  make  the  bend.  An  attachment .  may  also 
be  purchased  for  these  machines  with  which  it  is  possible  to  make 
a  sag  bend  in  the  pipe.  This  is  done  by  the  use  of  a  10-ton  hy- 
draulic jack,  operated  by  power  from  the  motor.  A  force  of  fifteen 
or  twenty  men  can  operate  the  Mahoney  machine,  and  where  the 
country  is  fairly  level,  a  great  deal  of  time  can  be  saved,  as  it  is 
possible  to  lay  from  thirty  to  forty  joints  an  hour. 

Screw  pipe,  while  used  in  laying  small  gas  lines,  is  used  en- 
tirely in  laying  oil  lines,  as  a  much  higher  pressure  can  be  main- 
tained on  a  screw  line  than  on  a  coupling  or  plan  end  line,  and  after 
a  time  rubbers  in  coupling  line  will  become  affected  by  the  oil. 
There  is  also  considerably  less  friction  in  a  screw  line  than  in  a 
coupling  line,  due  to  the  different  design  of  the  joints. 

General. — In- laying  gas  pipe  lines,  there  are  many  details,  which 
aid  efficient  and  continuous  operation  of  a  line. 

When  connecting  wells  in  a  field,  it  is  always  good  policy  to 
Install  a  check  valve  in  the  line,  from  the  well  to  the  main  line,  at 
the  point  where  the  well  line  connects  to  the  main  line,  to  avoid 
loss  of  gas  in  case  of  a  break  in  the  well  line  or  gate  or  tubing  in 
the  well. 

In  the  fields  where  salt  water  or  gasoline  is  encountered  with 
the  gas,  it  is  necessary  to  install  traps  or  drips  to  catch  the  fluid 
before  it  reaches  the  main  line,  as  fluid  affects  measurement  of  the 
gas,  regulation  of  pressure,  operation  or  compression  stations,  and 
at  tim^s  even  reaches  the  consumer's  meter.  A  great  many  differ- 
ent styles  of  drips  have  been  designed  to  catch  this  fluid,  and  all 
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perform  in  practically  the  same  manner — that  is,  they  allow  the  gas 
to  expand  and  decrease  the  velocity,  which  causes  precipitation  of 
the  entrained  fluid. 

When  constructing  a  main  pipe  line,  it  is  advisable  to  install 
a  main  line  gate  every  four  or  five  miles,  with  a  relief  valve  and 
pressure  gauge  tap  on  each  side  of  the  main  line  gate.  When  a 
line  is  so  laid,  it  is  possible,  in  case  of  a  break  to  shut  out  a  short 
section  of  the  line,  and  exhaust  the  gas  through  the  relief  valves, 
without  draining  the  entire  line  and  discontinuing  service  to  con- 
sumers on  sections  of  the  line  not  aflfected  by  the  break.  With  the 
gauge  taps,  it  is  possible  for  the  man  supervising  the  repair  to 
observe  the  pressure  being  maintained  on  either  side  of  the  break. 

In  constructing  river  crossings  for  pipe  lines  which  must  give 
continuous  service,  it  is  always  advisable  to  lay  more  than  one 
crossing.  The  lines  in  the  river  can  be  of  smaller  pipe  than  the 
main  line,  but  the  total  capacity  should  equal  that  of  the  main  line. 
River  crossings  should  be  laid  in  deep  water  when  possible,  as  the 
greater  depth  will  lessen  the  danger  of  having  the  line  torn  out  by 
drift.  A  line  should  never  be  laid  straight  across  a  stream,  but 
swung  in  an  arc  upstream,  the  radius  of  the  arc  varying  with  the 
length  of  the  crossing.  In  this  manner,  the  resistance  of  the  line 
IS  greatly  increased  and  many  breaks  avoided. 

River  lines  are  usually  laid  of  screw  pipe  and  each  collar  covered 
with  a  river  clamp  which  removes  all  strain  from  the  joint  and 
adds  weight  to  the  line. 

Occasionally  welded  river  crossings  are  constructed,and  in  this 
case  a  split  emergency  sleeve  or  a  river  clamp,  which  has  a  rubber 
packing  similar  to  that  of  an  emergency  sleeve,  should  be  used,  as 
it  would  be  impossible  to  repair  a  welded  crossing  without  first 
removing  from  the  water  or  constructing  cofferdams. 

In  operating  a  gas  pipe  line  system,  it  is  practical  to  carry  the 
lowest  pressure  with  which  it  is  possible  to  handle  the  market,  and 
in  cases  where  small  towns  are  located  some  distance  from  the 
main  line  and  are  supplied  by  smaller  lines,  regulators  are  installed 
at  the  main  line  and  the  pressure  reduced,  rather  than  carry  main 
line  pressure  to  the  town  limits. 

In  the  operation  of  a  natural  gas  system,  it  is  impossible  to  turn 
in  all  gas  available  and  allow  it  to  go  where  it  will,  as  the  con- 
sumers on  one  part  of  the  system  would  have  an  over  supply  of 
fuel,  while  the   consumers  on   an   other  part   would  suffer  from 
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shortage.  To  avoid  such  unequal  service,  gas  companies  maintain 
what  is  usually  known  as  a  dispatcher's  office.  This  department 
receives  pressure  reports  by  telephone  from  all  important  points  on 
the  system  at  certain  intervals  during  the  day,  and  by  carefully 
tabulating  and  observing  these  pressures,  they  are  able  by  regula- 
tion of  the  gas  to  maintain  sufficient  pressures  throughout  the  en- 
tire system.  In  case  of  line  breaks  or  line  shut  outs  for  any  rea- 
son, the  field  men  are  required  to  notify  the  dispatcher's  office  be- 
fore a  line  is  taken  out  of  service,  in  order  that  the  service  may  be 
maintained  by  supplying  from  another  source.  In  fact,  the  duties 
of  a  pressure  dispatcher  parallel  those  of  a  train  dispatcher,  and  all 
wells,  lines  and  regulators  are  operated  upon  orders  from  him. 

In  the  operation  of  a  pipe  line  system,  the  entire  effort  of  the 
organization  is  devoted  to  giving  continuous  service,  and  in  order 
to  do  this,  men  are  stationed  at  various  places  along  the  system. 
The  lines  are  patrolled  continuously  by  line  walkers,  who  repair 
small  leaks  as  they  find  them,  and  report  to  their  immediate  su- 
perior, leaks  which  they  cannot  repair.  In  such  cases,  a  crew  is 
taken  to  the  leak  at  the  earliest  possible  moment  to  make  the  re- 
yairs, 

PIPE  LINE  IN  MEXICO  TO  HANDLE  W  BAUME 

MEXICAN  OIL. 

In  1913  the  East  Coast  Oil  Co.,  S.  A.,  began  the  construction 
of  an  8-inch  pipe  line  from  the  Panuco  field  in  Mexico  to  their 
Torres  terminal  located  on  the  Panuco  River  just  above  Tampico. 
The  total  distance  was  only  23.8  miles  but  the  product  to  be  handled 
was  of  12  degrees  Be.  gravity  which  made  it  necessary  that  special 
methods  be  employed. 

After  careful  consideration  it  was  decided  to  construct  the  line 
along  the  following  plan : 

1.  To  pump  at  high  heat  in  order  to  keep  the  viscosity  of  the 
oil  as  low  as  possible. 

2.  To  pump  at  high  pressure  in  order  to  get  the  necessary 
volume. 

S.    To  put  the  pump  stations  fairly  close  together. 

4.  To  provide  necessary  facilities  so  that  the  line  would  never 
be  shut  down  or  cool  off  when  it  was  full  of  the  12  degree  Be.  oil. 

The  actual  construction  of  the  line  was  about  the  same  pro- 
cedure as  the  laying  of  an  8-inch  line  in  the  United  States.     In 
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order  to  conserve  the  heat  as  much  as  possible  the  pipe  line  after 
being  coated  with  hot  asphalt  was  covered  with  1  ply  Ajax  insu- 
lating felt.  No  expansion  joints  were  provided  along  the  entire 
length  of  the  line.  A  complete  list  of  tools  used  and  force  em- 
ployed is  given  herewith : 

Tools  and  Material  Necessary  for  Laying  8-Inch  Pipe  In  Mexico. 

Average  2800  Feet  Daily. 

5  pair  Klein  8-inch  tongs. 
60  keys  for  same. 
10  wedges  for  keys. 
1  two-ton  Chain  Block. 

1  derrick  for  same. 

2  jacks  for  8-inch  pipe 
2  jack  boards. 

2  sharp  pointed  bars. 

3  machinists  No.  2  hammer  and  handles. 

1  three-inch  fiat  paint  brush  for  greasing  collars. 

100  feet  1-inch  Manilla  rope,  cut  in  about  2.S-foot  lengths 

2  pieces  O.  P.  Rough  Select  2xl2-inch  x  8  feet. 
125  pieces  O.  P.  4x6-inch  x  7  feet  for  skids 

1  Acme  water  barrel  cart. 

1  fifty-gallon  water  barrel. 

3  cups  for  same. 

10  pounds  flake  graphite  for  mixing  with  crude  oil  used  on  collars  and 
threads. 

2  round  nose  shovels — long  handle. 
2  thread  cleaning  brushes. 

2  large  bastard  files. 

1  monkey  wrench  for  removing  protectors  from  pipe. 

1  swab  with  22  feet  J^-inch  pipe  on  to  run  through  joints 

2  eight-inch  C.  I.  screw  plugs. 

1  eight-inch  wooden  plug,  tapering  shape,  for  use  in  snaking  pipe. 
1  chain  on  same. 

1  pair  lead  bars  for  snaking  pipe. 

2  horses  for  snaking  pipe. 

1  pair  pipe  carrying  calipers. 
1  pipe  carrying  bar. 

Tools  and  Material  Necessary  for  Placing  Protection  on  8-Incb 

Pipe  Line — Asphaltum  Paint 
Kettles  for  heating. 
Cover  for  kettles. 
Heating  frames.  ! 
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Dippers  for  filling  buckets,  about  2^  gallons. 

Buckets — 14  quarts  (9  for  one  gang). 

Wire  cutter  (large  tinsman  shears). 

Paint  brushes  (9  for  one  gang). 

Frame  for  measuring  and  cutting  wire 

Double  bitted  axes. 

Sled  for  hauling  kettles. 

Low  fiat  wagon  for  hauling  paint  and  paper. 

Frame  horse  for  cutting  paper. 

Metallic  tape  line  for  measuring  paper  and  pipe 

Book  for  measuring  paper. 

Small  derrick  with  2-ton  chain  blocks  and  grab  hooks. 


Crew  Necessary  for  Laying  8-Inch  Line  (Average  Amount)  Laid 

2a00  Feet  Dally 

1  Stabber. 

1  Hammer  man. 

1  Rope  man 

1  Back  up  tong  man. 

1  Thread  greaser. 

1  Growler  board  man. 

2  Bar  men. 
2  Jack  men. 

2  Jack  board  men. 

2  Derrick  men. 
24  Tong  men. 
Snaking  pipe,  1  teamster. 
Cleaning  threads,  1  man. 
Removing  protectors,  1  man. 
Swabbing  pipe,  1  man. 

Cleaning  Pipe 
4  Brush  and  sack  men. 

Papering  and  Covering 

1  Paint  foreman. 

1  Kettleman — heating  kettles. 

1  Teamster  hauling  and  moving  kett!es. 

1  Swamper  or  teamster. 

1  Kettle  dipper  man.   . 

4  Paint  carriers. 

5  Painters  painting  pipe. 

1  Painter  painting  seams  on  paper. 

3  Painters  painting  collars. 

3  Paper  men  placing  long  paper. 

3  Collar  men  placing  paper  on  collar& 
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2  men  cutting  and  measuring  paper. 
1  Man  wiring  paper. 

Total,  27  men. 
This  paper  crew  will  have  ample  time  to  clean  out  trench  or  ditch  after 
covering  and  painting. 

Pumping  Stations  and  Equipment 

The  approximate  distance  between  the  pumping  stations  is  as 
follows : 

Panuco  Field  Station  to  Station  "A" 1.2  miles 

Station  "A"  to  Station  "B" 11.4  miles 

Station  "B"  to  Torres  Terminal 11      miles 

Total    23.6  miles 

The  stations  "A"  and  "B*'  mentioned  here  are  equipped  with 
15x24x6x24  Jeansville  compound  steam  pumps,  60-inch  oil  heaters 
and  the  necessary  boiler  capacity  for  heating  the  oil  and  operating 
the  pumps.  From  the  storage  tanks  to  the  pumps  16-inch  suction 
lines  are  used,  and  heating  coils  are  used  in  the  tanks.  A  complete 
list  of  tools  used  in  equipping  each  of  the  stations  follows : 

List  of  Pump  Station  Tools 

No.  1  Saunders  Cutter,  J^  to  1  inch  pipe. 
No.  2  Saunders  Cutter,  1  to  2  inch  pipe. 
No.  3  Saunders  Cutter,  2  to  3  inch  pipe. 
No.  4  Saunders  Cutter,  2^  to  4  inch  pipe. 
No.  5  Barnes  Cutter,  4  to  5  inch  pipe. 
No.  6  Barnes  or  special  cutter  for  8-inch  pipe. 
6  Spare  cutter  wheels  for  each. 

No.  1  Bridgeport  Stock  and  Die,  %  \o  Yi  inch  pipe. 

No.  2  Bridgeport  Stock  and  Die,  ^  to  1  inch  pipe. 

No.  1  Toledo  Stock  and  Die,  1  up  to  2  inch  pipe. 

No.  2  Toledo  Stock  and  Die,  2^^  to  8  inch  pipe. 

No.  3  Toledo  Stock  and  Die,  AYi  to  8  inch  pipe. 

No.  1  Crane  Mai.  Pipe  Vise,  ^  to  2  inch  pipe. 

No.  2  Toledo  Pipe  Vise,  3  inch  pipe. 

No.  4  Holland  Pipe  Vise,  4  inch  pipe. 

Pipe  Vise  to  take  8-inch  pipe. 

100  pound  Anvil. 

Pipe  Tap  of  each  size,  %,  y^,  H,  ^,  Ji,  1,  \^,  I54,  2  inches. 

No.  7  Little  Giant  Stock  and  Dies,  fi  to  1  inch. 
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1  No.  30  Little  Giant  Stock  and  Dies,  1%,  1%,  IH,  W  inches. 
All  to  be  United  States  Standard  Threads  and  exact  size. 

2  Each  single-ended  engineers'  wrenches,  diamond  "W"  pattern,  rough 
handles.  Milled  Jaws  to  fit  ^,  ^,  H,  ii,  ^,  1,  1^,  1^  inches,  United 
States  standard  thread  hexagon  nuts. 

1  No.  53  Combination  200  Keystone  Ratchet  Drill. 
1  No.  3  to  No.  2  Taped  Slave. 

1  No.  3  to  No.  1  Taped  Slave. 

2  Each,  Twist  Drills,  J4  to  ^  inches,  inclusive,  increasing  by  1/32  inch. 
1  Each,  Twist  Drills,  13/16  to  1}4  inches,  inchisive,  increasing  by  1/16 

inch. 
1     6-inch  Trimo  Pipe  Wrench. 

1  8-inch  Trimo  Pipe  Wrench. 

2  10-inch  Trimo  Pipe  Wrench. 
2  14-inch  Trimo  Pipe  Wrench. 
2  18-inch  Trimo  Pipe  Wrench. 
2  24-inch  Trimo  Pipe  Wrench. 
1  36-inch  Trimo  Pipe  Wrench. 

1  Combination  and  Machinist  Pipe  Vise  to  take  up  4-inch  pipe  (Parket). 

1  Blacksmith  Forge. 

2  154-inch  No.  51  Cold  Chisel. 
2  IH-inch  No.  52  Hot  Chisel. 
2  Ix2j4-inch  No.  53  Hardie. 

2  ^-inch  No.  55  Top  Swcdges. 

2  5^-inch  No.  56  Bottom  Swedges. 

2  5^-inch  No.  57  Bottom  Swedges. 

2  54-inch  No.  58  Top  Swedges. 

2  2-inch  No.  59  Flatters. 

5  pounds  No.  48  "Seine"  Hard  Laid  Chalkline. 

1  10-pound  Sledge,  2  handles  for  same. 

I  16-pound  Nevada  Sledge,  2  handles  for  same. 

1  Pair  P-24   Tongs. 

1   Pair  B-14  Tongs. 

1  Pair  H-10  Tongs. 

1  Pair  V-6  Tongs. 

2  No.  12  Vulcan  Chain  Pipe  Tongs.     (Flat  chain.) 
2  No.  13  Vulcan  Chain  Pipe  Tongs.     (Flat  chain.) 

2  No.  13}^  Vulcan  Chain  Pipe  Tongs.     (Flat  chain.) 
2  No.  14  Vulcan  Chain  Pipe  Tongs.     ^F^at  chain.) 

1  No.  15  Vulcan  Chain  Pipe  Tongs.     (Flat  chain.) 

2  Large  Klein  Tongs  for  8-inch  pipe. 
1  Carpenter's  outfit  complete, 

1  2-man  Cross-cut  Saw. 

2  6-inch  Monkey  Wrenches. 
2  8-inch  Monkey  Wrenches. 
2  12-inch  Monkey  Wrenches. 
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2  15-inch  Monkey  Wrenches. 
}  18-inch  Monkey  Wrench. 

1  24-inch  Monkey  Wrench. 

3  Machinists  Hand  Hammers  as  selected. 

1  Good  Spirit  Level  (Iron),  selected. 

2  J/^-pound  coils  of  piano  wire. 

6  ^-inch  Machinists'  Flat  Chisels. 
2  Half-round  Chisels. 

4  Diamond  point  Chisels. 

2  Boilermakers*  Riveting  Hammers. 
1  Blacksmith  Hammer. 
1  Blacksmith  Hammer. 
1  Carpenters'  Saw. 
1  Hand  Ax. 
1  Large  Ax. 

12  6x48-inch  Hard-Wood  Rollers. 
1  1-ton  Chain  Hoist,  duplex. 

1  2-ton  Chain  Hoist,  duplex. 

2  Barrett  Jacks. 
2  Screw  facks. 

2  6-inch  Double  Blocks. 
2  6-inch  Treble  Blocks. 
2  8-irch  Treble  Blocks. 

2  8-inch  Double  Blocks. 

Coils  of  Rope  as  selected  for  Pauls,  Slings,  Lashmgs,  etc. 

6  16-inch  Flat  Bastard  Files. 

6  16-inch  Flat  Second-Cut  Files. 

6  10-inch  Flat  Second-Cut  Files. 

6  10-inch  Half  Round  Second-Cut  Files. 

3  ^-inch  Round  Files. 
3  ^-inch  Round  Files. 

24  Sheets  No.  0  Emery  Cloth. 
24  Sheets  No.  00  Emery  Cloth. 
1  2-pound  Can  Carborundum. 
1  Drum  of  Distillate. 
1  Drum  of  Kerosene. 
1  Drum  of  Cylinder  Oil. 

1  Drum  of  Engine  Oil. 

2  Bundles  of  rags.     (100  pounds.) 
2  Hack  Saw  Frames. 

48  Hack  Saw  Blades. 

1  Pair  of  Hand  Pliers. 

6  Hand  Shovels. 

6  Pick.** 

6  Spare  Handles  for  picks. 

1  Wheel  Barrow. 


PIPE  LINES  409 

1  Hand  Truck. 

Lumber  for  Carpenter  and  Vice  Benches. 
4  Rat-tail  Files. 
4  12-inch  Flat  Smooth  Files. 

1  Special  Socket  Wrench  for  nuts  on  l]^-inch  bolts,  manifolds,  etc. 
1  Steel  Bar  for  same. 
8  Hand  Lanterns. 
1  Tube  Expander  and  spare  Rollers  for  Boilers. 

1  Tube  Expander  and  spare  Rollers  for  Heaters. 

2  Beading  Tools  for  Boiler  Work. 
2  Ripping  Tools  for  Boiler  Work. 
2  Fullering  Tools  for  Boiler  Work. 
1  Go  Devil  for  Boiler  Tubes. 

1  Pair  of  small  blocks  and  rope  as  selected  for  light  work. 

1  Snatch  Block. 

2  Large  Pinch  Bars. 
2  Small  Pinch  Bars. 

2  Smalt  Bars,  pointed  one  end  and  flat  other  end,  as  selected  for  fairing 

flanges,  etc. 

Necessary  Packing  for  all  Machinery,  Valves,  etc. 

Jointing  for  same. 

Spare  Bolts  and  Nuts  from  yi  to  1^-inch,  and  various  lengths. 

Spare  Pipe  from  ^  to  6  inch,  inclusive. 

8-inch  Spare  Pipe. 

Spare  Fittings  fronl  ^  to  6  inch,  such  as  Valves,  Ells,  Tees,  Flanges, 
etc. 

Electrical  Apparatus  Spares. 

Wire,  Lamps,  etc. 

Pole  Climbers,  Plycrs,  etc. 
1  Bar  of  1-inch  Tool  Steel  for  Chisels,  etc.,  can  be  hexagon  or  round. 

The  oil  leaving  the  steel  storage  tanks  moves  through  the 
16-inch  suction  line  to  the  60-inch  heater  in  which  it  is  heated  up 
to  about  160  degrees  Fahrenheit,  either  with  live  steam  or  with  ex- 
haust steam  from  the  pumps.  The  line  pressure  when  pumping 
at  the  rate  of  19,000  barrels  per  day  will  average  800  pounds  to  the 
square  inch  at  the  pump.  After  traveling  11  miles  at  this  velocity 
the  oil  cools  down  to  around  120  degrees  Fahrenheit,  average  tem- 
perature. 

A  duplicate  set  of  pumps  is  provided  in  each  of  the  pumping 
stations  so  that  should  anything  happen  to  one  set  the  other  can 
immediately  be  put  into  the  service.  This  is  done  to  prevent  the 
line  cooling  off  when  filled  with  the  heavy  oil. 

If  at  any  time  the  storage  tanks  become  pumped  out  and  it  is 
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desired  to  shut  the  line  down  water  is  pumped  in  behind  the  oil 
and  when  the  pumping  ceases  the  line  is  left  full  of  water.  On 
resuming  pumping  water  is  again  pumped  through  the  line  (first 
passing  through  the  oil  heater)  until  the  line  has  been  thoroughly 
heated  and  then  the  hot  oil  is  started  through.  The  small  amount 
of  mixed  oil  and  water  coming  through  is  caught  in  a  separate  tank 
and  the  water  drained  off. 

The  line  has  been  in  continuous  operation  for  periods  as  long  as 
one  year  without  having  to  shut  down  and  fill  with  water. 

At  the  Torres  Terminal  16x10x18  Jeansville  pumps  are  used  for 
loading  tank  steamers.  These  pumps  load  the  heavy  oil  on  the 
tankers  at  the  rate  of  5000  barrels  per  hour. 

A  Mexican  engineer,  Senor  Juan  Mancera,  has  made  a  study  of 
this  line,  and  worked  out  several  curves  which  will  be  of  interest 
to  anyone  working  on  the  problem  of  handling  oil  of  this  quality. 
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Where  it  is  desired  to  load  oil  into  ocean-going  tank  steamers 
and  there  is  no  available  harbor  or  where  the  cost  of  terminal  fa- 
cilities would  be  prohibitive,  it  is  often  necessary  to  lay  a  submarine 
line  seaward  to  a  point  where  the  oil  can  be  loaded  directly  into 
the  tankers.  This  is  notably  the  case  in  the  southern  fields  of 
Mexico  where  there  is  no  deep  water  harbor  between  Tampico  and 
Vera  Cruz  and  where  the  shore  line  is  low  and  the  water  shallow 
for  some  distance  out  into  the  Gulf  of  Mexico. 

These  conditions,'  however,  permit  the  laying  of  the  line  on  shore 
and  towing  it  to  sea.  The  line  is  made  up  and  mounted  on  rollers 
or  on  rail  carriages.  A  ship's  hawser  is  attached  to  the  sea  end  of 
the  line  and  towed  out  by  launches  to  the  tugs  or  larger  steamers, 
one  or  more  of  which  may  be  necessary.  The  sea  end  of  the  line 
should  be  plugged  while  towing  out  and  should  be  mounted  on  a 
heavy  wooden  sled  to  prevent  digging  into  the  sand.  A  throat  or 
guide,  constructed  of  heavy  timbers,  should  be  provided  on  shore 
to  guide  the  line  until  it  enters  the  water  as  well  as  to  counteract 
the  off-shore  currents. 

The  desired  location  for  the  end  of  the  line  is  held  by  an  an- 
chored boat  or  lighter  and  the  line  is  kept  straight  by  a  simple  sys- 
tem of  ranges  on  shore. 
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Especial  attention  should  be  given  to  making  up  the  line.  All 
connections  should  be  carefully  and  thoroughly  made  and  should 
be  equipped  with  river  clamps  to  protect  them  from  breakage.  The 
sea  end  of  the  line  must  be  anchored.  This  can  be  taken  care  of 
with  concrete  blocks.  The  line  terminates  with  a  marine  gate 
valve  and  stand  pipe  to  which  is  attached  a  flexible  metallic  hose. 
Piling  should  be  driven  for  the  proper  support  and  protection  of 
the  standpipe  and  it  would  also  be  advisable  to  drive  nests  of  piles 
to  prevent  accident  from  the  loading  steamer. 

Some  sea  loading  lines  terminate  with  a  back  pressure  valve  and 
a  flexible  metallic  hose  which  rests  on  the  sea  floor  when  not  in 
use,  its  location  being  marked  by  buoys. 

Where  the  shore  line  will  not  permit  laying  the  line  as  described 
it  will  be  necessary  to  make  up  the  line  on  barges  and  lower  it  as 
the  work  progresses. 

An  interesting  description  of  the  operation  of  towing  a  subma- 
rine line  to  sea  for  the  Cia  Transcontinental  del  Petroleo  of  Mexico,, 
was  recently  printed  in  The  Oil  Weekly  (9-4-20),  and  is  described 
as  follows : 

Construction  of  submarine  pipe  line. — Preparations  were  started 
about  a  month  before  the  lines  were  pulled  in  about  the  following 
order.  A  36-inch  gauge  track  was  built  and  carefully  aligned.  A 
sharp  drop  was  made  at  the  beach  end  of  track  and  a  dolly  pit  dug 
out  and  covered  with  sheet  steel,  so  that  as  the  line  was  pulled  out 
the  dollies  would  drop  off  the  track  on  to  the  sheet  steel  to  be  rolled 
away  by  men  who  were  waiting  for  them.  It  was  found  that  the 
distance  between  the  beach  and  the  Laguna  which  bounds  the  prop- 
erty on  the  west  was  only  about  5000  feet,  and  as  the  length  of  the 
line  to  be  pulled  was  6500  feet,  in  order  to  get  the  40  feet  of  water 
which  was  required,  it  became  necessary  to  pull  the  line  in  two  sec- 
tions. As  there  are  two  lines  to  a  berth,  this  necessitated  the  laying 
of  two  sections  of  line  5000  feet  (the  length  of  the  track)  and  two 
additional  sections  of  lines  each  1500  feet  to  make  lines  6500  feet  in 
length  when  completed.  Dollies  or  small  trucks  were  made  at  the 
company's  terminal  at  Tampico,  consisting  of  four  wheels  under  a 
wooden  platform.  The  first  5000  feet  section  of  line  was  thrown  on 
the  dollies,  which  were  distributed  along  the  line  one  to  every  other 
joint  of  pipe.  A  throat  was  built  of  heavy  timbers  on  the  beach  and 
lined  with  sheet  steel  through  which  the  line  passed.    This  was  to 
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prevent  it  from  weaving  north  or  south  with  the  current  when  being- 
pulled.  A  sand  sled  was  built  on  the  head  of  the  line  to  prevent  the 
pipe  from  burying  itself  while  being  pulled.  A  gasoline  drum  was^ 
tied  on  the  top  of  the  sled  to  keep  the  end  of  the  line  visible  while 
being  drawn  out.  A  tower  was  built  on  the  beach  from  which  a 
simple  signaling  system  was  operated,  controlling  the  starting,  stop- 
ping and  speed  of  the  vessels  pulling  the  line.  Two  beacons  were 
put  up  along  the  line  for  guiding  the  vessels  in  taking  their  po- 
sitions. 

On  November  18  everything  was  ready  and  the  tanker  H.  L^ 
Pratt  arrived  at  8  a.  m.  to  pull  the  lines.  The  Aguila  tug  Sai> 
Nicolo  was  used  to  guide  the  Pratt  in  the  operation.  The  tanker 
came  in  as  close  to  shore  as  possible  and  a  mooring  boat  was  sent 
out  to  bring  in  the  towing  hawser,  a  manila  line  12  inches  in" 
circumference.  On  account  of  the  strong  current  running,  the 
hawser  was  not  brought  to  shore  until  1  p.  m.  At  three  o'clock  the 
hawser  was  tied  to  the  line  and  the  ship  started  pulling.  About 
600  feet  of  line  had  gone  out  when  a  peon  let  a  2x4  inch  timber  drop- 
on  the  track  and  caused  six  dollies  to  jump  off.  These  were  re* 
placed  by  six  new  ones  after  a  delay  of  45  minutes  and  the  pulling: 
wa.3  resumed.  The  actual  pulling  time  of  the  first  section  was 
about  fifteen  minutes.  The  second  section  of  1500  feet  was  then 
thrown  on  the  track  on  dollies  and  connected  up  to  the  first  section 
with  a  right  and  left  hand  thread  coupling.  By  the  time  this  work 
was  finished  it  was  six  o'clock  p.  m.,  and  everything  was  left  in 
readiness  for  completing  the  work  the  next  morning. 

It  was  thought  that  after  the  first  section  had  stood  under  water 
for  twelve  hours  during  the  night  it  might  get  badly  sanded  up 
and  some  difficulty  might  be  experienced  in  getting  the  line  started 
again.  Contrary  to  this  opinion,  the  second  section  of  the  line  was 
pulled  the  next  morning  in  twelve  minutes  «ifter  getting  started 
without  any  difficulty.  By  noon  the  men  had  finished  letting  water 
in  the  line,  taking  off  the  towing  line,  etc.,  and  the  Pratt  went  to- 
Palo  Blanco,  where  they  pulled  a  line  for  the  Metropolitan  Com- 
pany in  half  a  day. 

The  same  operation  was  repeated  for  the  second  line,  which  was 
pulled  on  the  same  track  the  next  day.  The  first  section  of  the 
second  line  was  pulled  in  fifteen  minutes;  the  second  section  of 
the  line  was  thrown  on  the  track  and  connected  up  in  an  hour's  time 
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^nd  the  pulling  of  this  section  was  completed  in  twelve  minutes, 
making  twenty-seven  minutes  actual  pulling  time  for  the  complete 
line. 

« 

After  the  line  is  pulled  and  connected  up  to  the  pumps  a  flexible 
"hose  about  150  feet  long  is  attached  to  the  end  of  the  pipe.  This 
hose  lies  on  the  bottom  of  the  Gulf  when  not  in  use.  It^  location 
^s  shown  by  buoys  attached  to  the  hose.  When  a  ship  comes  in 
and  is  moored,  the  hose  is  pulled  up  and  connected  to  the  ship,  and 
-when  the  signal  is  given,  by  whistle,  the  shore  pumps  are  started 
^nd  oil  is  pumped  through  the  line  into  the  ship. 

As  a  rule,  the  crude  oil  is  pumped  from  the  shore  tanks  at  its 
-natural  temperature,  but  when  greater  speed  in  loading  is  desired 
"the  oil  can  be  heated.  Facilities  are  provided  both  for  heating  the 
<:rude  before  it  starts  on  its  22  mile  journey  from  the  fields  to  the 
tanks  on  the  beach  and  for  raising  its  temperature  in  the  tanks  by 
means  of  coils  through  which  exhaust  steam  is  run.  The  sea  water 
IS  warm  and  it  rarely  becomes  necessary  to  increase  the  fluidity  of 
-the  oil  to  enable  the  pumps  to  handle  it. 

This  system  of  loading  has  proven  the  most  satisfactory  of  any 
scheme  in  use  anywhere  in  the  world.  The  accompanying  pictures 
:niake  the  process  clear. 


FRICTION  PRESSURE  LOSS  IN  OIL  PIPE  LINES* 

Herewith  is  presented  the  recent  development  of  the  law  gov- 
-eming  the  flow  of  liquids  and  gases  in  pipe  lines,  in  a  form  and 
units  convenient  for  the  use  of  the  practicing  oil  engineer. 

Formulae. — The  law  developed  is  presented  in  the  following 
"formulae,  the  symbols  used  throughout  being  as  indicated  below. 

(g)  is  the  specific  gravity  or  density  of  the  oil. 

(u)  is  the  absolute  viscosity  in  poises  (dynes  per  sq.  cm.  per 
sec). 

(Q)  is  the  quantity  in  U.  S.  gallons  per  minute. 

(d)  is  the  internal  diameter  of  the  pipe  in  inches 

(R)  is  the  value  from  Formula  (1). 

(c)  is  the  coefficient  for  Formula  (2)  found  from  Chart  A. 

'Published  by  permission  of  the  Kinney  Manufacturing  Company,  Boston,  Mass. 
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(P)  is  the  friction  pressure  loss  in  lb.  per  sq.  in.  per  1000  fl 
of  pipe. 

R  =  f  Q     Formula  (1) 
d  u 

P  =:i_4^  Formula  (2) 
d 

Chart  A  (Fig.  147)  shows  the  variations  in  the  value  of  the 
coefficient  (c)  for  various  values  of  (R).  To  use  the  formulae  the 
value  of  (r)  is  first  determined  from  Formula  (1).  From  Chart  A 
the  corresponding  value  of  (c)  for  this  value  of  (R)  is  then  deter- 
mined. This  value  of  (c)  is  then  substituted  in  Formula  (2)  and 
the  pressure  loss  determined. 

Formulae  (1)  and  (2)  cover  all  conditions  of  flow,  but  where 
the  value  of  (R)  is  less  than  65,  the  law  may  be  expressed  in  the 
more  convenient  form  of  the  following*  Formula  (3)  : 

p  =?!A_HQ  Formula  (3) 

Discussion  of  Chart  A. — Chart  A  (Fig.  147)  shows  a  curve  with 
a  sharp  break.  The  portion  (AB)  indicates  the  so-called  stream 
line  flowing  during  which  the  oil  flows  in  parallel  lines  through  the 
pipe  with  no  turbulence,  the  oil  at  the  center  of  the  pipe  flowing 
at  approximately  twice  the  average  velocity,  and  the  velocity  de- 
creasing to  practically  zero  at  the  outside  layer.  The  portion  (BC) 
indicates  that  flow  changes  suddenly  from  stream  line  to  turbulent 
flow.  The  portion  (CD)  indicates  turbulent  flow  during  which  the 
oil  whirls  and  eddies  in  all  directions. 

Roughness. — ^The  roughness  of  the  pipe  has  no  effect  on  the 
value  of  the  coefficient  (c)  during  stream  line  flow,  but  it  has  an 
effect  during  turbulent  flow.  This  effect  may  be  allowed  for  by  ele- 
vating the  portion  of  the  curve  (CD),  the  amount  of  this  elevation 
depending  upon  the  degree  of  roughness  of  the  pipe.  Under  prac- 
tical conditions  in  pumping  oil,  the  roughness  of  the  pipe  used 
varies  but  slightly,  and  the  position  of  the  portion  of  the  curve 
(CD)  shown  in  Chart  A  is  sufficiently  accurate. 

Critical  velocity. — The  critical  velocity  is  the  point  at  which 
stream  line  changes  into  turbulent  flow.    At  this  point  a  consider- 
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VISCOSITY  CONVERSION  CHART  D 

Formulae 
1715 


Saybolt  Univ.  —  =.0O220t- 


u  =  Absolute   viscosity   in    poises 
g  ^  Density  or  specitic  gravity 
t  —  Time   of   efflux  in   seconds 

For  higher  values  than  shown  on  chart  divide  the  given  time  of  e 
by  10  and  multiply  the  corresponding  absolute  viscosity  by  10. 
For  lower  values  than  shown  on  the  chart,  use  the  formulae. 
Gravity  used  must  be  the  gravity  at  temperature  of  test. 
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able  increase  in  pressure  produces  practically  no  increase  in  ve- 
locity. The  value  of  (R)  at  which  the  critical  velocity  occurs  de- 
pends somewhat  upon  the  roughness  of  the  pipe,  also  whether  the 
■velocity  is  increasing  or  decreasing.  This  is  indicated  by  the 
portion  of  the  curve  (BC)  where  the  value  of  (R)  at  the  point  (B) 
is  shown  at  an  average  value  of  65. 

Specific  gravity. — The  specific  gravity  as  used  in  the  above 
formula  should  be  the  specific  gravity  (not  Baume  gravity)  at  the 
temperature  at  which  the  oil  is  flowing  through  the  pipe  line. 

Chart  B  (Fig.  148)  shows  the  change  in  specific  gravity  with 
variation  of  temperature.  Chart  C  (Fig.  145)  shows  the  change  in 
Baume  gravity  with  variation  of  temperature. 

The  table  in  the  back  of  the  book  (Chapter  VIII)  shows  the 


specific  gravity  corresponding  to  Baume  gravity  (Modulus  140) 
together  with  the  lb.  per  sq.  in.  of  pressure  corresponding  to  one 
foot  head  of  oil. 

Viscosity  Chart  D. — The  viscosity  may  be  determined  on  any 
viscometer  on  which  the  determinations  can  be  computed  in  units 
of  absolute  viscosity.  Chart  D  (Fig,  146)  shows  the  conversion  of 
times  of  efflux  of  the  Redwood,  Saybolt  Universal,  Engler  and  Red- 
wood Admiralty  viscometers  into  absolute  viscosity. 

The  conversion  formulae  given  on  the  chart  are  taken  from 
■data  in  Technologic  Papers  Nos.  100  and  112  of  the  Bureau  of 
Standards  for  the  Redwood,  Saybolt  and  Engler  instruments,  and 
from  the  papers  by  Messrs.  Glazebrook,  Higgins  and  Pannell 
^above  mentioned)  for  the  Redwood  Admiralty  instrument. 
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In  determining  viscosities  at  various  temperatures  it  is  of  con- 
siderable assistance  to  plot  the  absolute  viscosity  against  the  temp- 
erature (in  degrees  F.)  on  logarithmic  cross-section  paper.  In  plot- 
ting these  points  it  will  be  noted  that  all  of  these  points  lie  on  ap- 
proximately a  straight  line,  so  that  if  the  viscosity  of  a  given  oil  at 
two  or  three  temperatures  is  known,  the  viscosity  can  be  readily 
determined  for  any  other  temperature.  This,  of  course,  applies  to 
absolute  viscosity  only,  and  does  not  apply  to  times  of  efflux  of  the 
various  commercial  viscometers.  In  case  of  mixed  or  refined  oils 
the  location  of  these  points  is  sometimes  on  a  slight  curve  in  place 
of  a  straight  line. 


Fig.    148. — Change   ia  specific    gnvily   with   variation  of   temperature. 

Temperature. — The  temperature  of  the  oil  during  turbulent 
flow  is  uniform  throughout  the  cross-section  of  the  pipe.  In  stream 
line  flow  while  pumping  heated  oils,  the  temperature  is  not  uniform 
because  the  slowly  moving  outside  layer  of  oil  becomes  consider- 
ably cooled  with  a  consequent  increasee  in  viscosity.  The  amount 
of  this  cooling  has  not  yet  been  accurately  determined,  but  from 
the  data  available  under  Californian  conditions,  the  friction  pres- 
sure loss  for  heated  oils  in  stream  line  flow  is  increased  from  10 
to  50%. 

In  the  usual  practice  of  pumping  heated  oils,  there  is  a  drop 
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in  temperature  at  a  decreasing  rate  along  the  pipe  line.  An  approxi- 
mate rule  recommended  by  the  Standard  Oil  Company  of  Cali- 
fornia for  the  average  temperature  along  the  pipe  line,  is  the  sum 
of  one-third  the  initial  temperature  plus  two-thirds  the  final  tem- 
perature. 

Mexican  oils. — A  characteristic  found  in  Mexican  oils  (and  to  a 
slight  extent  in  California  oils)  ist  interesting  in  connection  with 
this  subject.  This  is  a  temporary  lag  in  the  viscosity  due  to  a 
change  in  temperature.     For  example: 

A  sample  of  Mexican  oil  tested  at  60°  F.  and  stored  for  six  days 
at  32°  F.  and  again  tested  at  60°  F.  was  found  to  have  increased 
one-fifth  in  viscosity.  Another  sample  heated  to  150°  F.  for  49 
hours  was  found  to  have  only  one-half  the  original  viscosity  when 
again  tested  at  60°  F. 

A  third  sample  was  stored  at  32°  F.  for  120  days  and  at  the  end 
of  this  time  the  viscosity  at  60°  F.  had  risen  to  two  and  a  quarter 
times  the  original  value.  This  same  sample  was  then  heated  at 
100°  F.  for  two  hours  and  the  viscosity  at  60°  F.  found  to  have  re- 
turned to  its  normal  value. 

In  order  to  avoid  loss  of  power  and  line  capacity  it  is  advisable, 
in  handling  Mexican  oil  which  has  been  stored  at  low  temperature, 
to  heat  the  oil  to  at  least  100°  F.  for  at  least  two  hours  before 
pumping. 

Other  liquids. — The  law  as  developed  is  applicable  to  the  flow 
of  any  liquid  or  gas.  Chart  A  covers  all  conditions  of  flow  where 
the  inside  surface  of  the  pipe  is  of  the  same  smoothness  as  ordi- 
narily used  in  oil  work.  On  water  pipe  lines  the  roughness  varies 
to  a  considerable  extent  and  Chart  A  does  not  cover  this  condition. 

Quantity  in  barrels. — If  the  desired  capacity  is  given  in  (42 
gallon)  barrels  per  hour,  the  capacity  may  be  changed  into  equiva- 
lent gallons  per  minute  by  multiplying  the  barrels  per  hour  by 
0.7.  If  the  desired  capacity  is  given  in  barrels  per  twenty-four 
hours,  the  capacity  should  be  multiplied  by  0.02917  to  obtain  gal- 
lons per  minute. 

Table  II. — Gives  the  exact  internal  diameter  of  standard  iron 
and  steel  pipe,  together  with  the  4th  and  5th  powers  of  the  diameter 
to  facilitate  golving  formulae  (2)  and  (3). 

Friction  pressure  loss. — ^To  determine  the  friction  pressure  loss 
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when  quantity,  size  of  pipe,  specific  gravity  ,and  absolute  viscosity 
at  the  given  temperature  are  known : 

(a)  Determine  the  friction  pressure  loss  in  pumping  500  gallons 
per  minute  of  a  given  oil  at  50'-  F.  through  a  6-inch  diameter  pipe, 
the  oil  having  a  specific  gravity  of  0.88  (29.1°  Baume  gravity)  and 
an  absolute  viscosity  of  0.3  at  that  temperature. 

Substituting  these  values  in  Formula  (1)  : 

0.88  X  500 

R  = =  242. 

6.06.SX   0.3 

From  Chart  A  for  a  value  of  (R)  =  242.  the  corresponding  value 
of  (c)  is  0.46.    Substituting  this  value  of  (c)  in  Formula  (2)  : 

0.46  X  0.88  X  (500)' 

P  =  ~   12.3  lb.  per  sq.  in.  per  1000  ft.  of  pipe  line. 

8206. 

(b)  Determine  the  friction  pressure  loss  in  pumping  100  gallons 

per  minute  of  a  given  oil  at  60°  F.  through  a  6-inch  diameter  pipe, 
the  oil  having  a  specific  gravity  of  0.9655  (15°  Baume  gravity), 
and   an    absolute   viscosity   of  35.     Substituting  these   values   in 

Formula  (1)  : 

0.9655  X  100 

R  =  =■--  0.45 

6.065 

As  the  value  of  R  is  less  than  65,  use  Formula  (3)  : 

27.3  X  35  X  100 

P  =  —  70.6  lb.  per  sq.  in.  per  1000  ft.  of  line. 

1353. 
Gravity  and  viscosity. — To  determine  the  gravity  of  an  oil  at 

the  required  temperature  when  the  gravity  at  60°  F.  is  known, 

and  the  absolute  viscosity  at  the  required  temperature  when  th^ 

viscosity  at  two  other  temperatures  is  known : 

Determine  the  specific  gravity  and  absolute  viscosity  at  45°  F. 
of  oil  having  a  Saybolt  viscosity  of  250  seconds  at  60°  F.,  102  sec- 
onds at  100°  F.  and  24°  Baume  gravity  at  60°  F. 

From  Chart  C  the  gravity  would  be  26.5°  Baume  at  100°  F., 
and  23.1°  Bcaume  at  45°  F.  From  the  tables  in  Chapter  VIII  it  will 
be  seen  that  the  corresponding  specific  gravity  at  45°  F.  would 
be  0.914. 

From  Chart  D  (Fig.  146)  the  absolute  viscosity  at  60°  F.  cor- 
respondnig  to  250  seconds  Saybolt  and  24°  Baume  gravity  is  0.49 
and  the  absolute  viscosity  at  100°  F.  corresponding  to  102  seconds 
Saybolt  and  26.50°  Baume  gravity  is  0.185.  Plotting  these  two 
absolute  viscosities  against  the  corresponding  temperature  on  loga- 
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rithmic  cross  section  paper,  and  extending  a  straight  line  through 
them,  we  determine  the  approximate  absolute  viscosity  at  46°  F. 
to  be  0.85. 

TABLE  II 
Diameter  Functions  of  Standard  Iron  and  Steel  Pipe 


Nominal  Diam. 

Wt  in  Lbs. 

Actual  Diam. 

d* 

d» 

inches 

Per  Lin.  Ft. 

inches 

'A 

.622 

.14968 

.09310 

Va 

.824 

.46101 

.37987 

I 

1.049 

1.2109 

1.2702 

1/. 

1.610 

6.7190 

10.818 

2 

2.067 

18.254 

37.731 

2^ 

2.469 

37.161 

91.750 

3 

3.068 

88.597 

271.82 

4 

4.026 

262.72 

1057.7 

6 

6.065 

1353.1 

8206.4 

8 

25.0 

8.071 

4243.3 

34248. 

8 

28.8 

7.981 

4057.2 

32381. 

10 

32.0 

10.192 

10790. 

109980. 

10 

35.0 

10.136 

10555. 

106990. 

10 

41.1 

10.020 

10080. 

101000. 

12 

45.0 

12.090 

21365. 

258300. 

12 

50.7 

12.000 

20736. 

248830. 

14 

14250 

41234. 

587590. 

15 

15.250 

54085. 

824800. 

Friction  Losses  of  Pennsylvania  and  California  Oils^    * 

When  oil  was  discovered  in  Pennsylvania  in  large  quantities, 
the  problem  of  transportation  was  solved  by  laying  pipe  lines  along 
the  ground  and  pumping  the  oil  from  one  station  to  another.  For 
this  service  direct-acting  pumps  were  adapted  and  exclusively 
used.  The  Pennsylvania  oil,  being  light  and  of  paraffine  base,  did 
not  present  any  greater  difficulties  in  pumping  than  water.  The 
following  formulas  may  be  used  for  this  work: 

9  B" 

P   = (1> 


B  = 


/ 


_ 
9 


(2) 


where  p  equals  friction  in  pounds  per  square  inch  for  10  English 
miles : 

d  equals  diameter  of  pipe  in  inches ; 

B  equals  barrels  per  hour  at  38  degrees  Baume. 

'Frank   F.   Nickel   in  "Direct  Acting  Steam   Pumps,"   p.   210— McGraw   Hill— by  per- 
mission of  publishers. 
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In  formula  (1),  for  every  3  degrees  above  38  degrees  Baume 
subtract  2  per  cent  from  p  and  for  every  3  degrees  below  38  degrees 
Baume  add  2  per  cent  to  p. 

In  formula  (2),  for  every  3  degrees  above  38  degrees  Baume 
add  1  per  cent  to  B  and  for  every  3  degrees  below  38  degrees  Baume 
subtract  1  per  cent  from  B. 

Greater  difficulties  were  experienced  with  the  Texas  and  Cali- 
fornia oils,  which  are  of  asphaltum  base  and  very  viscous.  These 
oils  offer  an  enormous  resistance  to  being  pumped  through  a  pipe 
and  will  not  move  at  all  at  low  temperatures.  It  therefore  becomes 
necessary  in  such  cases  to  heat  the  oil  with  the  exhaust  steam  from 
the  pump. 

In  1902  A.  F.  L.  Bell  made  some  tests  in  the  Kern  oil  fields  with 
heavy  California  oil.  The  pipe  diameter  was  8  inches  and  the  fol- 
lowing formula  agrees  well  with  the  data  obtained : 

32768  9  f 

P  =  X   V  B* 

D"  t  -  40 

where      d  equals  diameter  of  pipe  in  inches,  for  1  mile; 
p  equals  friction  in  pounds  per  square  inch : 
t  equals  temperature  of  oil  in  degrees  Fahrenheit; 
B  equals  barrels  per  hour. 
The  gravity  was  14>4^  Baume  at  60^  F. 

It  is  assumed  that  the  friction  varies  inversely  as  the  5th  power 
of  d,  no  data  being  available  for  pipes  of  other  diameters.  The 
second  term  of  the  expression  was  developed  on  the  assumption 
that  at  40°  F.  the  oil  ceases  to  flow.  The  capacity  then  becomes 
zero. 

Tables  given  in  the  following  pages  were  calculated  from  the 
above  formulas.  It  will  be  noted  that  while  the  table  for  Penn- 
sylvania oil  is  calculated  on  a  basis  of  10  English  miles  and  can  be 
used  for  any  length  by  simply  multiplying  the  values  given  by 
one-tenth  of  the  length,  the  table  for  California  oil  is  given  for 
one  mile  only.  The  reason  for  this  is  that  the  oil  cannot  retain  its 
temperature  for  any  length  of  time  but  has  a  different  temperature 
at  every  point.  This  change  of  temperature  is  very  difficult  to 
predict  and  impossible  tp  generalize,  because  it  depends  upon  the 
manner  in  which  the  pipe  is  laid  and  the  temperature  of  the  outside 
air. 
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The  two  sets  of  tables  may  be  taken  as  the  limits,  the  former 
being  correct  for  the  very  lightest  oil  and  the  latter  for  the  very 
heaviest  California  oil.  They  should  not  be  used,  except  as  a 
guide,  for  oils  of  intermediate  viscosities. 


Friction  of  Pennsylvania  Oil,  38°  Baume 

Pounds  per  square   inch   in  pipe— 10   English   miles   long 


d=. 

2 

3 

4 

5 

6 

8 

10 

d»= 

32 

243 

1,024 

3,125 

7,776 

32,768 

10,000 

d».»= 

5.66 

15.6 

32 

55.9 

88.2 

181 

316.2 

Barrels  per 

hour  "B" 

10 

28 

3.7 

0.88 

0.288 

0.116 

0.0274 

0.009 

15 

62 

8.3 

1.98 

0.65 

0.26 

0.0641 

0.023 

20 

112 

14.8 

3.52 

1.15 

0.462 

0.11 

0.036 

25  ' 

176 

23.0 

5.5 

1.8 

0.725 

0.172 

0.056 

30 

253 

33.2 

7.92 

2.6 

1.04 

0.247 

0.081 

35 

345 

45.2 

10.8 

3.53 

1.42 

0.337 

0.112 

40 

450 

59.0 

14.3 

4.6 

1.85 

0.44 

0.144 

45 

570 

74.9 

17.8 

5.8 

2.35 

0.556 

0.181 

50 

700 

92.4 

22.0 

7.2 

2.9 

0.686 

0.225 

55 

'850 

112.0 

20.6 

8.7 

3.5 

0.84 

0.273 

60 

1010 

133.0 

31.6 

10.4 

4.16 

0.99 

0.325 

65 

1184 

156.0 

37.2 

12.2 

4.9 

1.16 

0.381 

70 

1380 

181.0 

43.0 

14.1 

5.68 

1.36 

0.442 

75 

1580 

208.0 

49.5 

16.2 

6.51 

1.55 

0.508 

80 

1800 

236.0 

56.2 

18.4 

7.4 

1.76 

0.578 

85 

2030 

267.0 

63.5 

20.8 

8.36 

1.98 

0.652 

90 

2270 

300.0 

71.1 

23.3 

9.39 

2.24 

0.73 

95 

2530 

334.0 

79.2 

26.0 

10.45 

2.48 

0.814 

100 

2800 

370.0 

88.0 

28.8 

11.6 

2.75 

0.902 

125 

4400 

578.0 

137.0 

45.0 

18.1 

4.3 

1.42 

150 

6300 

830.0 

198.0 

65.0 

26.0 

6.18 

2.03 

175 

1130.0 

270.0 

88.0 

35.4 

8.4 

2.75 

200 

1480.0 

352.0 

115.0 

46.3 

11.0 

3.6 

225 

1870.0 

425.0 

146.0 

58.5 

13.9 

4.55 

250 

2300.0 

550.0 

180.0 

72.2 

17.2 

5.6 

275 

2800.0* 

665.0 

217.0 

87.5 

20.8 

6.8 

300 

3320.0 

792.0 

260.0 

104.0 

24.7 

8.1 

325 

3900.0 

930.0 

304.0 

122.0 

29.0 

9.5 

350 

4530.0 

1020.0 

353.0 

142.0 

33.7 

11.2 

375 

1240.0 

405.0 

163.0 

38.5 

12.6 

400 

1410.0 

460.0 

185.0 

44.0 

14.4 

425 

1590.0 

520.0 

209.0 

49.6 

16.3 

450 

1780.0 

582.0 

235.0 

55.6 

18.3 

475 

1980.0 

650.0 

261.0 

62.5 

20.4 

500 

2200.0 

720.0 

289.0 

68.8 

22.5 

525 

2420.0 

795.0 

319.0 

75.8 

24.8 

550 

2660.0 

870.0 

350.0 

83.0 

27.3 

424 
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Friction  of  Pennsylvania  Oil,  ZS''  Batune 


Pounds  per  square  inch 

in  pipe — 10  English  miles 

long 

d= 

5 

6 

8 

10 

d« 

8 

10 

d»= 

3,125 

7,776 

32,768 

10.000 

d»= 

32,768 

10,000 

d«.»= 

55.9 

88.2 

181 

316.2 

d*.»= 

181 

316.2 

Barrels  per 

Barrels  per 

hour  "B" 

hour  "B" 

550 

870' 

350 

83 

27.2 

3600 

3560 

1160 

575 

950      ^ 

384 

91 

29.8 

3800 

3970 

1300 

600 

1040 

417 

99 

32.4 

4000 

4400 

1440 

625 

1120 

454 

107 

35.0 

4200 

• 

1580 

650 

1220 

490 

116 

38.0 

4400 

1740 

675 

1310 

530 

125 

41.0 

4600 

1920 

700 

1410 

569 

135 

44.2 

4800 

2070 

725 

1520 

610 

144 

47.3 

5000 

2250 

750 

1620 

653 

155 

.50.6 

5200 

2430 

775 

1730 

698 

165 

54.1 

5400 

2620 

800 

1840 

743 

176 

57.6 

5600 

2820 

825 

1960 

790 

187 

61.2 

5800 

3030 

850 

2080 

839 

198 

65.0 

6000 

3240 

875 

2210 

888 

211 

68.9 

6200 

3460 

900 

2330 

940 

223 

73.0 

6400 

3680 

925 

2470 

992 

235 

77.0 

6600 

3920 

950 

2600 

1045 

248 

81.2 

6800 

4160 

975 

2740 

1110 

262 

85.5 

7000 

• 

4410 

1000 

2880 

1158 

275 

90.0 

1100 

3480 

1400 

332 

109.0 

1200 

4150 

1665 

395 

130.0 

1300 

4860 

1955 

464 

152.0 

1400 

2270 

538 

176.0 

1500 

2610 

618 

203.0 

1600 

2960 

704 

231.0 

1700 

3350 

793 

261.0 

1800 

3750 

890 

292.0 

1900 

4180 

990 

325.0 

2000 

4630 

1100 

361.0 

2200 

1330 

436.0 

2400 

1580 

520.0 

2600 

1860 

610.0 

2800 

2160 

706.0 

3000 

2475 

811.0 

3200 

2840 

922.0 

3400 

3180 

1040.0 

3600 

3560 

1170.0 

Friction  of  Heavy  California  Oil  In  Four-Inch  Pipe  Line 

Barrels  pei 

r 

Temperature,  Degree  F«=t 

hour  "B" 

50 

60 

70 

80 

90 

100 

5 

222 

55.4 

24.6 

13.9 

8.87 

6.16 

10 

558 

140.0 

.53.1 

34.9 

22.4 

15.5 

15 

959 

240.0 

107.0 

60.0 

38.4 

26.7 

20 

1,410 

352.0 

156.0 

88.0 

56.3 

39.1 

25 

1,900 

474.0 

211.0 

119.0 

75.9 

52.8 

30 

2,416 

602.0 

269.0 

151.0 

96.7 

67.2 

35 

2,968 

742.0 

330.0 

186.0 

119.0 

82.5 

40 

3,546 

887.0 

394.0 

222.0 

142.0 

98.5 

45 

4,152 

1,038.0 

461.0 

260.0 

166.0 

115.0 

50 

4,768 

1,194.0 

531.0 

299.0 

191.0 

133.0 

60 

6,090 

1,523.0 

677.0 

381.0 

244.0 

169.0 

70 

7,480 

1,879.0 

831.0 

467.0 

299.0 

208.0 

PIPE  LINES 

425 

Barrels  per 

Temperature,  Degrees  F«t 

hour  "B" 

50 

60 

70 

80 

90 

100 

80 

8,934 

2,234.0 

993.0 

559.0 

358.0 

248.0 

90 

10,460 

2,615.0 

1,162.0 

654.0 

419.0 

291.0 

100 

12,030 

3,010.0 

1,338.0 

752.0 

483.0 

336.0 

150 

20,670 

5,184.0 

2,298.0 

1,293.0 

824.0 

576.0 

200 

30,340 

7,584.0 

3,360.0 

1,898.0 

1,213.0 

842.0 

250 

41,030 

10,270.0 

4,577.0 

2,567.0 

1.642.0 

1,140.0 

300 

52,070 

13,030.0 

5,790.0 

3,264.0 

2,083.0 

1,447.0 

350 

63,940 

16,000.0 

7,110.0 

4,000.0 

2,567.0 

lj778.0 

400 

76,400 

19,100.0 

8,480.0 

4.770.0 

3,060.0 

2,120.0 

450 

89,400 

22,400.0 

9,950.0 

5,600.0 

3,590.0 

2,480.0 

500 

103,000 

25,700.0 

11,400.0 

6,430.0 

4,130.0 

2,730.0 

550 

29,200.0 

12,980.0 

7,300.0 

4,670.0 

3,245.0 

600 

32,740.0 

14,600.0 

8,190.0 

5,250.0 

3,650.0 

650 

36,500.0 

16,220.0 

9,130.0 

5,840.0 

4,055.0 

700 

40,300.0 

17,900.0 

10,080.0 

6.470.0 

4,480.0 

750 

44,160.0 

19,630.0 

11.040.0 

7,070.0 

4,910.0 

800 

48,100.0 

21,400.0 

12,030.0 

7,710.0 

5,340.0 

850 

52,260.0 

23,300.0 

13,060.0 

8,360.0 

5,810.0 

900 

56,300.0 

25,000.0 

14,100.0 

9,031.0 

6,270.0 

1000 

64,800.0 

28,800.0 

16,200.0 

10,400.0 

7,200.0 

Friction  of  Heavy  California  Oil  In  Four-Inch  Pipe  Line 

Barrels  per 

Temperature, 

Degree  F=t 

hour  "B" 

110 

120 

130 

140 

150 

160 

5 

4.53 

3.35 

2.74 

2.22 

1.85 

1.54 

10 

11.4 

8.43 

6.9 

5.58 

4.79 

3.88 

15 

19.6 

14.5 

11.9 

9.59 

8.01 

6.67 

20 

28.8 

21.2 

17.4 

14.1 

11.8 

9.77 

25 

38.7 

28.6 

23.4 

19.0 

15.8 

13.2 

30 

49.4 

36.5 

29.9 

24.2 

20.2 

16.8 

35 

60.6 

44.8 

36.7 

29.7 

24.8 

20.6 

40 

72.5 

53.5 

43.8 

35.5 

29.6 

24.6 

45 

84.8 

62.6 

51.3 

41.5 

34.6 

28.8 

50 

97.6 

72.0 

58.9 

47.7 

40.0 

33.3 

60 

125.0 

91.9 

75.2 

60.9 

50.8 

42.3 

70 

153.0 

113.0 

92.4 

74.8 

62.4 

52.0 

80 

183.0 

135.0 

110.0 

89.4 

74.6 

62.1 

90 

214.0 

158.0 

129.0 

105.0 

87.3 

72.6 

100 

246.0 

182.0 

149.0 

120.0 

101.0 

83.6 

150 

423.0 

312.0 

255.0 

207.0 

173.0 

144.0 

200 

621.0 

458.0 

375.0 

304.0 

253.0 

211.0 

250 

839.0 

621.0 

506.0 

410.0 

343.0 

285.0 

300 

1050.0 

787.0 

643.0 

522.0 

435.0 

362.0 

350 

1310.0 

967.0 

.     791.0 

640.0 

534.0 

445.0 

400 

1560.0 

1150.0 

944.0 

765.0 

637.0 

531.0 

450 

1830.0 

1390.0 

1110.0 

896.0 

746.0 

621.0 

500 

2100.0 

1550.0 

1270.0 

1030.0 

858.0 

714.0 

550 

2390.0 

1760.0 

1442.0 

1 168.0 

975.0 

811.0 

600 

2680.0 

1980.0 

1620.0 

1310.0 

1100.0 

909.0 

650 

2980.0 

2210.0 

1800.0 

1460.0 

1220.0 

1020.0 

700 

3300.0 

2430.0 

1990.0 

1610.0 

1340.0 

1120.0 

750 

3610.0 

2670.0 

2180.0 

1770.0 

1480.0 

1230.0 

800 

3940.0 

2910.0 

2380.0 

1930.0 

1610.0 

1340,0 

850 

4270.0 

3150.0 

2580.0 

2090.0 

1750.0 

1460.0 

900 

4610.0 

3390.0 

2780.0 

2250.0 

1880.0 

1570.0                            i 

1000 

5310.0 

3910.0 

3200.0 

2590.0 

2170.0 

1800.0 

426 
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Friction  of  Heavy  California  Oil  In  Six-Inch  Pipe 


barrels  oer 
hour  "B" 

Temperature, 

Degree  F— t 

50 

60 

70 

80 

90 

100 

10 

73.6 

18.4 

7.0 

4.6 

3.0 

2.05 

15 

126.0 

31.6 

14.0 

7.9 

5.06 

3.51 

20 

186.0 

46.3 

18.6 

11,6 

7.42 

5.15 

25 

250.0 

62.4 

27,7 

15.6 

10.0 

6,96 

30 

318.0 

79.6 

35.4 

20,0 

12.7 

8.84 

35 

391.0 

99.7 

43.5 

24.4 

15.7 

10.9 

40 

467.0 

117.0 

51.9 

29.2 

18.7 

13.0 

45 

547.0 

137.0 

60.7 

34.2 

21.9 

15.2 

50 

628.0 

157.0 

70.0 

39.3 

25.2 

17.5 

60 

802.0 

201.0 

89.1 

50.2 

32.1 

22,3 

70 

985.0 

247.0 

110.0 

61.6 

39.4 

27.4 

80 

1,177.0 

294.0 

131.0 

73.6 

47.1 

111 

90 

1,377.0 

344.0 

153.0 

86.0 

55.1 

38.0 

100 

1,585.0 

396.0 

176.0 

99.1 

63.6 

44.3 

150 

2,723.0 

683.0 

303.0 

170.0 

109.0 

75.9 

200 

3,995.0 

999.0 

443.0 

250.0 

160.0 

111.0 

250 

5,404.0 

1,353.0 

603.0 

338.0 

216.0 

150.0 

300 

6,857.0 

1,715.0 

763.0 

430.0 

275.0 

191.0 

350 

8,420.0 

2,107.0 

936,0 

527.0 

338,0 

234.0 

400 

10,060.0 

2,516.0 

1,117.0 

628.0 

403.0 

280,0 

450 

11,780.0 

2,946.0 

1,311.0 

738.0 

472.0 

327,0 

500 

13,550.0 

3,388.0 

1,505.0 

847.0 

544.0 

377.0 

600 

17.250,0 

4,310.0 

1,918.0 

1,079.0 

691.0 

481,0 

700 

21,220.0 

5,306.0 

2,360.0 

1,328.0 

851.0 

590.0 

800 

25,350.0 

6,338.0 

2,820.0 

1,585.0 

1,016.0 

704.0 

900 

29,660.0 

7,417.0 

3,296.0 

1,854,0 

1,188.0 

826.0 

1000 

34,140.0 

8,534.0 

3,793.0 

2,133.0 

1,366.0 

948.0 

1200 

43,530.0 

10,880.0 

4,838.0 

2,723.0 

1.740.0 

1,210.0 

1400 

53,440.0 

13,360.0 

5,942.0 

3,342.0 

2,141.0 

1.488.0 

1600 

63,900.0 

15,970.0 

7,098.0 

3,992.0 

2,554.0 

1.774.0 

1800 

74,760.0 

18,690.0 

8,303.0 

4,678,0 

3,000.0 

2.078.0 

2000 

86,000.0 

21,510.0 

9,560.0 

5,378.0 

3,443.0 

2.390.0 

Fricti6n  of  Heavy  California  Oil  In  Six-Inch  Pipe 

Barrels  per 
hour  "B'' 

Temperature, 

Degree  F=t 

no 

120 

130 

140 

150 

160 

10 

1.5 

1.11 

0.908 

0.735 

0.614 

0.511 

15 

2.58 

1.91 

1.56 

1.26 

1.06 

0.878 

20 

3.79 

2.8 

2.29 

1.85 

1.55 

1.29 

25 

5.1 

3.78 

3.08 

2.5 

2,08 

1.73 

30 

6.5 

4.8 

3.93 

3.18 

2.66 

2.21 

35 

7.98 

5.9 

4.83 

3.91 

3.26 

2.72 

40 

9.54 

7.05 

5.77 

4,67 

3.9 

3.24 

45 

11.2 

8.25 

6.75 

5.47 

4.56 

3.8 

50 

12.9 

9.48 

7.76 

6.28 

5.27 

4.38 

60 

16.4 

12.1 

9.9 

8.02 

6.69 

5.57 

70 

20.1 

14.9 

12.2 

9.85 

8.22 

6.84 

80 

24.0 

17.8 

14.5 

11.8 

9.82 

8.17 

90 

28.1 

20.8 

17.0 

13.8 

11.5 

9.56 

100 

32.4 

24.0 

19.6 

15.9 

13.2 

11.0 

150 

55.7 

41.1 

33.6 

27.2 

22.7 

18.9 

200 

81.8 

60.3 

49.3 

40.0 

33.4 

27.7 

250 

111.0 

81.8 

66.6 

54.0 

45.1 

37.6 

300 

138.0 

104.0 

84.7 

68.7 

57.3 

47.6 

PIPE  LINES 

4S 

Barrels  per 

Temperature,  Degrees  F«t 

hour  "B" 

no 

120 

130 

140 

150 

160 

350 

172.0 

127.0 

104.0 

84.3 

70.4 

.    58.6 

400 

206.0 

152.0 

124.0 

101.0 

83.9 

70.0 

450 

241.0 

178.0 

147.0 

118.0 

98.2 

81.8 

500 

277.0 

205.0 

167.0 

136.0 

113.0 

94.0 

600 

353.0 

261.0 

213.0 

173.0 

144.0 

120.0 

700 

434.0 

320.0 

262.0 

213.0 

177.0 

148.0 

800 

519.0 

383.0 

313  0 

254:0 

212.0 

176.0 

900 

607.0 

447.0 

366.0 

297.0 

248.0 

206.0 

1000 

700.0 

514.0 

422.0 

342.0 

285.0 

237.0 

•1200 

889.0 

658.0 

540.0 

434.0 

363.0 

302.0 

1400 

1090.0 

809.0 

662.0 

535.0 

447.0 

371.0 

1600 

1310.0 

965.0 

788.0 

641.0 

535.0 

443.0 

1800 

1525.0 

1130.0 

923.0 

750.0 

624.0 

519.0 

2000 

1760.0 

1300.0 

1060.0 

860.0 

721.0 

599.0 

Friction  of  Heavy  California  Oil  In  Eight-Inch  Pipe 

p= Pounds  per  square  inch  in  One   English  Mile. 


Barrels  per 

Temperature, 

Degree  F=t 

hour  "B" 

50 

60 

70 

80 

90 

100 

25 

59.2 

148 

6.58 

zn 

2.37 

1.65 

50 

149.0 

37.3 

16.6 

9.33 

5.97 

415 

75 

256.0 

641 

28.5 

16.0 

10.3 

7.12 

100 

376.0 

94.0 

41.8 

23.5 

15.1 

10.5 

150 

646.0 

162.0 

71.8 

40.4 

25.8 

18.0 

200 

948.0 

237.0 

105.0 

59.3 

37.9 

26.3 

250 

1282.0 

321.0 

143.0 

80.2 

51.3 

35.6 

300 

1627.0 

417.0 

181.0 

102.0 

65.1 

45.2 

350 

.  1998.0 

500.0 

222.0 

125.0 

80.2 

55.5 

400 

2387.0 

597.0 

265.0 

149.0 

95.5 

66.3 

450 

2794.0 

699.0 

311.0 

175.0 

112.0 

77.6 

500 

3215.0 

804.0 

357.0 

201.0 

129.0 

89.3 

600 

4093.0 

1023.0 

455.0 

256.0 

164.0 

114.0 

700 

5034.0 

1259.0 

560.0 

315.0 

202.0 

140.0 

800 

6015.0 

1504.0 

669.0 

376.0 

241.0 

167.0 

900 

7038.0 

1760.0 

782.0 

440.0 

282.0 

196.0 

1000 

8100.0 

2025.0 

900.0 

506.0 

324.0 

225.0 

1100 

9198.0 

2300.0 

1022.0 

575.0 

368.0 

256.0 

1200 

10,330.0 

2582.0 

1148.0 

646.0 

413.0 

287.0 

1300 

11,500.0 

2874.0 

1277.0 

719.0 

460.0 

319.0 

1400 

12.680.0 

3171.0 

1410.0 

793.0 

508.0 

353.0 

1500 

13,910.0 

3477.0 

1545.0 

869.0 

557.0 

387.0 

1600 

15,160.0 

3789.0 

1684.0 

947.0 

606.0 

421.0 

1700 

16,430.0 

4109.0 

1826.0 

1027.0 

658.0 

457.0 

1800 

17,740.0 

4435.0 

1971.0 

1110.0 

712.0 

493.0 

1900 

19,066.0 

4765.0 

2118.0 

1191.0 

763.0 

530.0  . 

2000 

20,410.0 

5103.0 

2268.0 

1276.0 

817.0 

567.0 

2200 

23,180.0 

5794.0 

2575.0 

1449.0 

927.0 

644.0 

2400 

26,030.0 

6506.0 

2892.0 

1627.0 

1041.0 

723.0 

2600 

28,960.0 

7240.0 

3218.0 

1810.0 

1158.0 

805.0 

2800 

31,970.0 

7994.0 

3552.0 

1998.0 

1279.0 

888.0 

3000 

35,050.0 

8764.0 

3895.0 

2191.0 

1406.0 

974.0 
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Friction  of  Heavy  California  Oil  in  Eight-Inch  Pipe 


Barrels  per 
hour  "B" 

Temperature, 

Degree  F=t 

no 

120 

130 

140 

150 

160 

25 

1.21 

0.894 

0.731 

0.592 

0.494 

0.411 

50 

3.05 

2.25 

1.84 

1.49 

1.25 

1.04 

75 

5.23 

3.87 

3.16 

2.56 

2.14 

1.78 

100 

7.68 

5.68 

4.64 

3.76 

3.14 

2.61 

150 

13.2 

9.74 

7.97 

6.46 

5.39 

4.49 

200 

19.4 

14.3 

11.7 

9.48 

7.91 

6.58 

250 

26.2 

19.4 

15.8 

12.8 

10.7 

8.91 

300 

ZLd 

24.6 

20.1 

16.3 

13.6 

11.3 

350 

40.8 

30.2 

24.7 

20.0 

16.7 

13.9 

400 

48.8 

36.0 

29.5 

23.9 

19.9 

16.6 

450 

57.1 

42.2 

34.5 

28.0 

23.3 

19.4 

500 

65.7 

48.5 

39.7 

32.2 

26.8 

22.3 

600 

83.6 

61.8 

50.5 

40.9 

34.2 

28.4 

700 

103.0 

76.0 

62.2 

50.4 

42.0 

35.0 

800 

123.0 

90.8 

74.3 

60.2 

50.2 

41.8 

900 

144.0 

106.0 

86.9 

70.4 

58.8 

48.9 

1000 

166.0 

122.0 

100.0 

81.0 

67.6 

56.3 

1100 

188.0 

139.0 

144.0 

92.0 

76.8 

63.9 

1200 

211.0 

156.0 

128.0 

103.0 

86.2 

71.7 

1300 

235.0 

174.0 

141.0 

115.0 

96.0 

79.8 

1400 

259.0 

192.0 

157.0 

127.0 

106.0 

88.1 

1500 

284.0 

210.0 

172.0 

139.0 

116.0 

96.6 

1600 

310.0 

229.0 

187.0 

152.0 

127.0 

105.0 

1700 

336.0 

248.0 

-     203.0 

165.0 

137.0 

114.0 

1800 

362.0 

268.0 

219.0 

178.0 

148.0 

123.0 

1900 

389.0 

288.0 

235.0 

191.0 

150.0 

133.0 

2000 

417.0 

308.0 

252.0 

204.0 

171.0 

142.0 

2200 

473.0 

350.0 

286.0 

232.0 

194.0 

161.0 

2400 

532.0 

393.0 

321.0 

260.0 

217.0 

181.0 

2600 

592.0 

437.0 

358.0 

290.0 

242.0 

201.0 

2800 

653.0 

482.0 

395.0 

320.0 

267.0 

222.0 

3000 

716.0 

529.0 

433.0 

351.0 

293.0 

244.0 

Friction  of  Heavy  California  Oil  in  Ten  Inch  Pipe 


p= 

sPounds  per 

square  inch  in 

One  English  Mile. 

Barrels   per 
hour  *'B" 

Temperature, 

Degree   F.=t 

50 

60 

70 

80                      90 

100 

50 

48.8 

12.2 

5.44 

3.06              1.96 

1.36 

75 

83.9 

21.0 

9.34 

5.25              3.38 

2.33 

100 

123.0 

30.8 

13.7 

1,1               4.95 

3.44 

150 

212.0 

53.1 

23.5 

13.3                8.46 

5.9 

200 

311.0 

111 

34.4 

19.5               12.4 

8.62 

250 

420.0 

105.0 

46.9 

26.3               16.8 

11.7 

300 

533.0 

134.0 

59.3 

33.4              21.4 

14.8 

350 

655.0 

164.0 

72.8 

41.0              26.3 

18.2 

400 

782.0 

196.0 

86.9 

48.9               31.3 

21.7 

450 

916.0 

229.0 

102.0 

57.4              36.7 

25.4 

500 

1055.0 

264.0 

117.0 

65.9              42.3 

29.3 

600 

1342.0 

355.0 

149.0 

83.9               53.8 

37.4 

700 

1650.0 

413.0 

184.0 

103.0              62.0 

45.9 

800 

1971.0 

493.0 

219.0 

123.0              79.0 

54.4 

900 

2305.0 

577.0 

526.0 

144.0              92.4 

64.2 

1000 

2655.0 

664.0 

295.0 

166.0            106.0 

73.8 

PIPE  LINES 

• 

4 

Barrels  per 

Temperature,  Degrees  F=t 

hour  "B" 

50 

sp 

70 

80 

90 

100 

1100 

3014.0 

754.0 

335.0 

189.0 

121.0 

83.9 

1200 

3385.0 

846.0 

376.0 

212.0 

135.0 

94.0 

1300 

3770.0 

942.0 

419.0 

236.0 

151.0 

105.0 

1400 

4156.0 

1040.0 

462.0 

260.0 

167.0 

116.0 

1500 

4560.0 

1 140.0 

506.0 

285.0 

183.0 

127.0 

1600 

4968.0 

1242.0 

552.0 

310.0 

199.0 

138.0 

1700 

5385.0 

1347.0 

599.0 

337.0 

216.0 

140.0 

1800 

5814.0 

1454.0 

646.0 

364.0 

234.0 

162.0 

1900 

6246.0 

1562.0 

694.0 

390.0 

250.0 

174.0 

2000 

6688.0 

1672.0 

743.0 

418.0 

268.0 

186.0 

2500 

9054.0 

2264.0 

1006.0 

566.0 

362.0 

252.0 

3000 

1 1490.0 

2872.0 

1276.0 

718.0 

461.0 

319.0 

3500 

14100.0 

3526.0 

1567.0 

882.0 

564.0 

392.0 

4000 

16860.0 

4215.0 

1873.0 

1054.0 

674.0 

468.0 

4500 

19720.0 

4932.0 

2190.0 

1233.0 

789.0 

548.0 

5000 

22700.0 

5671.0 

2522.0 

1418.0 

908.0 

631.0 
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Friction  of  Heavy  California  Oil  in  Ten-Inch  Pipe 

P  =s  Pounds  per  square  inch  in  one  English  mile. 


Barrels  per 

hour  "B" 

Temperature, 

Degree  F-=t 

no 

120 

130 

140 

ISO 

160 

50 

1.0 

0.737 

0.603 

0.488 

0.41 

0.341 

75 

1.72 

1.27 

1.04 

0.839 

0.701 

0.583 

100 

2.52 

1.86 

1..52 

1.23 

1.03 

0.855 

150 

4.33 

3.19 

2.61 

2.12 

1.77 

1.47 

200 

6.36 

'     4.69 

3.84 

3.11 

2.59 

2.16 

250 

8.59 

6.36 

5.18 

4.2 

3.51 

2.92 

300 

10.7 

8.06 

6.59 

5.34 

4.46 

3.7    . 

350 

13.4 

9.9 

8.1 

6.56 

5.47 

4.56 

400 

16.0 

11.8 

9.67 

7.83 

6.52 

5.44 

450 

18.7 

13.8 

11.3 

9.18 

7.64 

6.36 

500 

21.5 

15.9 

13.0 

10.6 

8.78 

7.31 

600 

27.4 

20.3 

16.6 

13.4 

11.2 

9.31 

700 

33.8 

24.9 

20.4 

16.5 

13.8 

11.5 

800 

40.3 

29.8 

24.4 

19.7 

16.5 

13.7 

900 

47.2 

34.8 

28.5 

23.1 

19.3 

16.2 

1000 

54.4 

40.0 

32.8 

26.6 

22.2 

18.5 

1100 

61.6 

45.6 

37.4 

30.2 

25.2 

21.0 

1200 

69.2 

51.1 

42.0 

33.8 

28.3 

23.5 

1300 

77.0 

57.0 

46.2 

37.7 

31.5 

26.2 

1400 

84.9 

62.9 

51.5 

41.6 

34.8 

28.9 

1500 

93.1 

68.8 

56.4 

45.6 

38.0 

31.7 

1600 

102.0 

75.1 

61.3 

49.8 

41.6 

34.4 

1700 

110.0 

81.3 

66.6 

54.1 

44.9 

37.4 

1800 

119.0 

87.8 

71.8 

58.3 

48.5 

40.3 

1900 

128.0 

94.4 

77.0 

62.6 

52.1 

43.6 

2000 

137.0 

101.0 

82.6 

66.9 

56.1 

46.6 

2500 

185.0 

137.0 

112.0 

90.6 

75.6 

62.9 

3000 

235.0 

174.0 

142.0 

115.0 

96.0 

80.0 

3500 

288.0 

213.0 

174.0 

141.0 

118.0 

98.0 

4000 

344.0 

254.0 

208.0 

169.0 

141.0 

117.0 

4500 

403.0 

298.0 

244.0 

197.0 

165.0 

137.0 

5000 

464.0 

342.0 

280.0 

227.0 

190.0 

158.0 
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THE  TRANSPORTING  THROUGH  PIPE  LINES  OF  THE 

PETROLEUM  OF  PANUCO  AND  TO- 

PILA  FIELDS,  MEXICO' 

The  formula  of  Poiseuille  is  applicable   to  petroleum. — It   is 

known  that  so  long  as  the  viscosity  of  the  oil  does  not  reach  a 
value  called  the  "critical  velocity,"  the  formula  of  Poiseuille  holds 
good  in  the  movement  of  oil  in  pipe  lines.  The  formula  in  common 
use  is : 

P  Q  N 

_  =^  1150  

L  D' 

in  which 

P  ^  loss  of  pressure  in  kilograms  per  square  centimeter. 
L  ^  length  of  line  in  kilometers. 
Q  =  output  in  cubic  meters  per  hour. 
N  =  absolute  viscosity  of  oil. 
D  =  diameter  of  pipe  line  in  centimeters, 
cuKvii  w  YnowTiM  A.  PMcnvu  OF  Thc  English  commission   which 

THi  ™ip«w»nin  ni« J.L  p«- »»w«  experimented  with  our  oils,  found 
that  under  practical  conditions  they 
could  not  obtain  the  "critical  veloc- 
ity," and  the  same  conclusion  was 
reached  while  studying  the  working 
of  the  pipe  line  of  the  East  Coast 
Oil  Company  from  Topila  to  Tam- 
pico.  It  is  almost  certain  that  the 
systematic  experiments  w^ich  our 
Department  of  Petroleum  has  start- 
ed in  the  camp  of  this  company  at 
Topila  will  lead  to  the  same  con- 
clusions. As  yet  though  the  obser- 
vations we  have  been  able  to  make 
on  the  pipe  line  of  the  Mexican  Gulf 
from  Tepetate  to  Tampico  have 
been  limited,  the  results  obtained  in- 
cline us  to  the  belief  that  the  same 
formula  of  Poiseuille  is  applicable  to 
this  oil,  less  viscous  than  that  of 
Fanuco  and  Topila. 

Influence  of  temperature. — As  is 

>By  Juan  Manccra  in  "Bolctin  del   Pcirolco" 
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well  known,  the  pressure  is  proportional  to  the  viscosity,  which  in 
turn  depends  on  the  temperature.  In  Fig.  149  are  shown  the 
temperature-viscosity  curves  for  the  Topila  and  Panuco  oils,  pre- 
pared by  "La  Corona"  Oil  Company. 

It  can  be  seen  that  the  viscosity  is  very  sensible  to  the  vari- 
ations in  temperature,  especially  for  low  temperatures,  and  it  is 
easily  understood  how  important  this  is  in  the  calculations  on  the 
oil  pipe  lines. 

Approximate  formula  for  determining  the  decline  in  temperature 
in  the  length  of  the  line. — The  estimation  of  the  variation  in  tem- 
perature with  the  length  of  the  line  can  be  made  approximately 
through  the  theoretical  formula  which  we  have  established : 

Admitting  that  the  heat  which  is  lost  is  proportional  to  the 
time,  to  the  contact  surface  and  the  diflference  in  temperature  be- 
tween the  oil  and  the  earth,  the  heat  which  a  volume'of  petroleum 
loses  corresponding  to  that  of  a  unit  length  of  pipe  in  the  time 
"dt"  is : 

a  S  (T-T«)  dt  or  a  S  (T-T.)  -^ 

in  which 

a    =  an  experimental  coefficient. 
S  =  exterior  area  of  a  unit  length  of  pipe. 
T  =  temperature  of  the  oil. 
To=  temperature  of  the  ground. 
1    =  distance  to  "origin"  of  pipe  line. 
■  V   =  velocity  of  the  oil. 

The  loss  of  temperature  is  obtained  by  dividing  the  loss  of  heat 
by  the  volume  of  oil,  multiplied  by  its  specific  weight  and  by 
its  specific  heat. 

__       S  (T-T.)  dl 

dT  =  a  J — 

V.  w.  d.  o. 

in  which  w  =  the  cross  section  area 
d  =  specific  gravity. 
c  =  specific  heat. 


and 


a.  S.  dT 

dl     =■■     


V.  w.  d.  c.  T  -  T» 

a.  S. 


V.  w.  d.  c. 


L  =  K  —  Ig'.  (T  -  To)         (Integrating?) 


4;iS  PETROLEUM  PRODUCTION  METHODS 

For  the  starting  point: 


1  which  Ti  ^  The  initial  temperature  of  the  oil. 


a.  S. 
,  w.d 
a.S. 


Q.  d.  c.  T    -  T, 

which  is  the  formula  sought  for. 

In  an  established  pipe  line,  if  we  know  S,  1,  v,  w,  d,  c,  Ti,  Tf 
and  T  we  are  able  to  determine  a.     (The  experimental  factor). 
When  we  take  S  in  square  meters  per  meter  (unit)  of  length, 


1  in  kilometers,  Q  in  cubic  meters  per  hour  and  T  in  degrees  Cen- 
tigrade, a  becomes  equal  to  2.7  according  to  the  observations  made 
on  the  East  Coast  Oil  Company  pipe  line. 

Cy  means  of  this  formula  we  are  able  to  calculate  the  tempera- 
ture of  the  oil  at  the  discharge  end  of  the  pipe  line,  with  the  initial 
temperature  fixed,  less  than  the  fire  point;  or  better  fixing  the  max- 
imum temperature  at  the  discharge  end  and  determining  the  initial 
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(temperature),  when  it  is  desired  to  avoid  the  loss  through  evapo- 
ration which  results  from  holding  the  hot  oil  at  atmospheric 
pressure. 

The  formula  was  used  also,  with  the  corresponding  coefficient, 
for  investigating  the  loss  of  temperature  in  passing  through 
streams  of  water.  (This  was  determined  in  the  pipe  lines  of  the 
Standard  Oil  (Transcontinental)  and  the  "El  Agxiila"  which  cross 
the  Panuco  River). 

It  is  not  possible  to  determine  analytically  the  viscosity  which 
should  be  employed  in  the  formula  of  Poiseuille  as  well  as  the 
temperature  corresponding  to  this  viscosity  since  there  is  a  definite 
curve  for  the  equation  between  the  temperature  and  the  viscosity. 

The  loss  of  pressure  per  kilometer  being  a  lineal  function  of  "n," 
it  is  possible  to  determine  a  very  approximate  value  for  the  average 
viscosity,  according  to  the  following  method. 

Having  determined  the  logarithms  of  the  temperatures,  a  curve 
of  the  viscosities  is  constructed,  carrying  a  certain  number  of 
points,  ordinates  equal  to  the  viscosities  obtained  from  the  curve 
T  with  respect  to  N,  with  the  corresponding  values  of  T  taken 
from  the  first  curve.  The  extreme  points  are  joined  with  a  con- 
tinuous curve  and  the  area  between  that  curve,  the  abscissas  and 
the  extreme  ordinates  determined.  The  average  viscosity  is  equal 
to  this  area  divided  by  the  length  of  the  pipe  line. 

Proceeding  in  this  manner,  taking  a  number  of  cases  with  wide- 
ly different  conditions,  one  is  able  to  verify  the  formula  given  the 
Commission  by  the  Standard  Oil  Company  of  California  as  giving 
sufficiently  accurate  results. 

According  to  that  formula,  the  temperature  corresponding  to 
the  average  viscosity  is  obtained  as  a  summation  of  two  thirds  parts 
of  the  final  and  one-third  part  of  the  initial  temperature. 

T  2T, 

T  equivalent  =  —  plus 


3  3 

Graphs  to  solve  problems  of  temperature,  pressure  and  voltune. 

—As  the  calculations  are  laborious  two  graphs  have  been  con- 
structed which  have  chiefly  the  advantage  of  determining  in  the 
solution  of  a  problem,  the  effect  of  altering  certain  factors  to  obtain 
the  most  desirable  solution. 

In  Fig.  162  to  solve  problems  of  temperature  there  is  at  the 
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right  a  series  of  vertical  lines  which  correspond  to  the  diameters 
of  pipe  in  common  use  and  a  series  of  oblique,  concurrent  lines 
-which  represent  volume  in  cubic  meters  per  hour.  By  following 
across  horizontally  from  the  determined  point  of  intersection  of 
these  lines  to  the  Icft^  until  the  vertical  axis  is  encountered  a  cor- 
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Fig.  152. 

tical  line  which  corresponds  to  the  distance  to  the  origin  of  the 
pipe  line  or  the  length  of  the  pipe  line  if  one  is  seeking  the  final 
temperature. 

The  transparent  paper  accompanying  this  graph  has  a  series  of 
horizontals  with  figures  which  represent  the  diiBference  in  temper- 
ature between  the  earth  and  the  oil  in  question.  Placing  this  trans- 
parent paper  in  such  manner  that  the  upper  horizontal  line  of  the 
graph  coincides  with  the  difference  in  temperature  between  the  oil 
at  the  initial  point  and  the  earth,  the  point  determined  in  the  graph 
(i.  e.  length  of  line)  will  fall  on  the  horizontal  marked  with  the 
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difference  in  temperature  between  the  oil  and  the  earth  at  the  point 
sought. 

On  the  right  side  of  Fig.  150  to  solve  the  problems  of  pres- 
sure and  volume  there  is  a  series  of  vertical  lines  marked  at  the 
bottom  with  volume  in  cubic  meters  per  hour  the  broken  lines  rep- 
resent commercial  diameters.  The  intersection  of  one  of  these 
broken  lines  with  a  vertical  determine  a  horizontal  which  should 
be  followed  to  the  left  until  it  meets  the  broken  line  marked  with 
the  corresponding  temperature  (Panuco  oil  in  solid  lines,  Topila  in 
dashed  lines).  From  the  point  of  intersection  follow  the  corres- 
ponding vertical  line  to  the  bottom  horizontal  upon  which  is 
marked  the  loss  in  pressure  in  kilos,  per  sq.  centimeter  per  kilom- 
eter of  line. 

It  is  clearly  seen  that  one  may  proceed  in  an  inverse  manner 
(from  left  to  right). 

The  graph  for  temperature  was  constructed  with  the  value  2.7 
for  the  coefficient  of  transmission  determined  by  "  La  Corona," 
from  the  observations  made  on  the  pipe  line  of  the  East  Coast  Oil 
Company.  I  believe  that  this  value  is  somewhat  exaggerated  and 
for  this  reason  constructed  also  the  dotted  lines  which  correspond 
td  a  value  of  2.3,  the  average  of  these  observations. 

For  other  oils  I  believe  one  should  use  this  curve  taking  as  an 
assumed  temperature  that  temperature  of  the  Panuco  oil  that  cor- 
responds to  the  viscosity  the  new  oil  has  at  the  pumping  temper- 
ature. 

It  should  also  be  noted  in  ending  that  the  greater  part  of  the 
companies  in  calculating  their  pipe  lines  have  employed  the  formula 
of  Bowie  which  should  not  be  employed,  at  least  when  dealing  with 
Panuco,  Topila  and  Tepetate  oils. 

If  we  wished  to  verify  this  a  simple  and  rapid  test  could  be 
made  as  follows :  Pump  at  a  pressure  of  28  kilos,  per  sq.  cm  (400 
lbs.  per  sq.  inch)  and  measure  carefully  the  stroke  of  the  pistons  and 
the  number  of  strokes  to  determine  the  quantity.  Afterward,  not 
changing  the  temperature  in  the  pipe  line,  double  the  pressure  and 
again  calculate  the  volume. 

If  the  Bowie  formula  is  to  be  verified  the  volume  should  show 
an  increase  in  the  ratio  of  1  to  1.41.  If  Poiseuille  is  verified,  the 
volume  should  be  doubled. 

Problem  No.  1. — In  an  18  kilometer  pipe  line  of  203  mm  (8")  di- 
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ameter,  if  Panuco  oil  is  heated  to  770°  C.  (170°F.)  and  a  pjressure  of 
56  kilogrames  per  square  centimeter  is  applied  (800  lbs.  per  square 
inch)  at  what  temperature  is  the  oil  delivered  and  what  amount 
of  oil  will  pass  per  hour? 

To  solve  a  problem  like  this  we  must  begin  by  taking  an  as- 
sumed value,  for  instance,  let  us  assume  a  temperature  equivalent 
to  60°. 

The  loss  of  pressure  per  kilometer  is : 

56 

—  =  3.11 
18 

In  Fig.  150,  after  finding  the  intersection  of  line  correspond- 
ing to  Panuco  oil  at  60°  with  the  vertical  corresponding  to  3.11, 
the  horizontal  lind  to  the  right  is  followed  until  you  find  the  line 
8";  following  down  the  vertical  the  approximate  volume  of  115 
m'  is  found. 

Let  us  suppose  that  the  average  temperature  of  the  earth  is 
estimated  at  25°  C,  so  that  the  excess  of  temperature  at  starting 

point  is 

77  —  25  =  52*^  C 

Placing  the  thin  paper  on  Fig.  152  in  a  way  that  line  52  co- 
incides with  the  upper  horizontal,  the  horizontal  line  is  followed 
from  the  intersection  of  line  8"  with  line  115  m'  of  volume  (inter- 
polating by  eye)  to  the  left  and  then  the  oblique  line  until  the 
vertical  of  18  kilometers  is  found,  at  a  point  that  in  the  transparent 
paper  corresponds  to  24°.  The  final  temperature  of  the  oil  is  24 
plus  25  =  49°  C.  (120°F). 

The  average  temperature  would  be 

77  2  X  49 

—  _|_    =z  58=»  C  approximately 

3  3 

Correcting  the  estimate  of  volume  with  this  temperature  there 
is  found  a  volume  a  little  over  100  cubic  meters  per  hour  (15,000 
barrels  per  day). 

Problem  No.  2. — A  pipe  line  of  24  kilometers  length  and  254 
millimeters  diameter  (10")  must  have  a  ca'^acity  of  200  cubic  meters 
per  hour.  It  is  desired  that  the  oil  reach  ^he  tr  minal  station  at  a 
temperature  not  above  50°  C.  What  pressure  must  be  applied  and 
at  what  temperature  must  the  oil  be  heated  at  the  initial  station? 
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Let  us  assume  that  the  temperature  of  the  subsoil  is  estimated 
to  be  26°  C. 

On  the  right  side  of  Fig.  152  find  the  intersection  of  ver- 
tical 10"  with  the  obliques  corresponding  to  a  volume  of  200;  from 
the  point  of  intersection  follow  the  horizontal  line  to  the  left  to  the 
corresponding  oblique,  which  is  then  followed  to  its  intersection 
with  the  vertical  "24  kilometers."  The  transparent  paper  is  placed 
in  a  way  that  the  horizontal  50-26  =  24  passes  over  the  intersec 
tion  point  obtained.  The  upper  horizontal  falls  upon  the  tempera- 
ture 48,  so  that  the  initial  temperature  will  be  48  plus  26  =  74°C 

The  average  temperature  is : 

74  50x2 

—  +      =  58°  C 

3  3 

On  Fig.  150,  starting  from  the  intersection  of  the  lines  represent- 
ing 10"  and  200  cubic  meters  follow  to  the  left,  to  meet  temperature 
58  degrees  and  then  follow  the  vertical  down.  The  loss  of  pressure 
per  kilometer  is  found  to  be  2.25  kilogrames  per  square  centimeter. 
The  i;nitial  pressure  will  be  2.25x24=54  k.  per  cm.*  (770  lbs.  per 
square  inch). 

Friction  Loss  In  Pipe  Lines  Due  To  Elbows. 

Friction  loss  due  to  elbows  is  commonly  considered  in  terms  of 
an  equivalent  length  of  straight  pipe.  The  following  table  gives  the 
commonly  accepted  equivalent  lengths.  It  will  be  noted  from  it  that 
five  6-inch  elbows  in  a  6-inch  pipe  line  would  be  equivadent  to  ex- 
tending the  straight  length  of  pipe  120  feet 

Nominal  Diameter  of  Equivalent  Length  of 

Elbow  Inches  Straight  Pipe  Feet 

16  63 

14  57 

12  49 

10  42 

8  32 

6  24.0 

5  19.0 

4  14.0 
3J4  11.5 
3  9.3 
2^  6.7 
2  5.1 
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OIL  ENGINES  IN  PIPE  LINE  PUMP  STATIONS 

By  H.   R.  LUCKE 

Throughout  the  United  States,  but  particularly  in  the  Mid-Con- 
tinent and  Gulf  Coast  territories,  crude  oil  burning  engines  are 
used  extensively  for  operating  pipe  line  pumps.  The  cost  of  pump- 
ing oil  with  this  class  of  equipment  is  extremely  low. 

Early  installations. — Probably  the  earliest  use  of  oil  en^nes  for 
pipe  line  use  was  by  the  National  Transit  Pipe  Line  in  Pennsyl- 
vania. The  engines  used  would  seem  crude  according  to  present 
practice,  but  they  gave  good  service.  They  were  of  the  hot  surface 
type  and  low  compression.  Constant  service  was  not  required. 
The  operators  would  fill  the  fuel  tank  with  a  measured  quantity  of 
oil  which  would  serve  the  engine  for  the  period  required,  then 
leave  it  to  shut  down  when  this  fuel  had  been  consumed  and  the 
required  work  performed. 

The  first  large  installation  of  oil  engines  on  pipe  lines  was  for 
the  Tidewater  Pipe  Line,  by  the  De  La  Vergne  Machine  Company 
on  the  results  of  the  few  small  engines  used  by  the  National  Transit 
Pipe  Line.  These  engines  were  the  horizontal  "Type  H.  A.",  built 
under  license  from  Messrs.  Homsby  &  Soivs  of  Gratham,  England, 
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EXPLANATION  OP  CURVES  IN  PIG.  153 

Flash 

Gravity  point, 

Curve  No.                                            Type  of  oil                                              Specific  •  B.  •  F. 

Solid  curves 

a            Mexican  residue    1.000  10.0  374 

b            "Toltec  fuel  oil,"  Inter-Ocean  Oil  Co.,  N.  Y 988  11.7  220 

e            "Toltec  or  Panuco  oil,"  Inter-Ocean  Oil  Co 986  12.0  124 

d            "No.  102,"  Union  Oil  Co.,  Bakersfield,  Cal 980  12.9  280 

e            "No.  18,"  Union  Oil  Co.,  Bakersfield,  Cal 980  12.9  285 

f             "Standard"  Mexican  crude  (lot  2) 964  13.4  202 

g            "No.  25,"  Union  Oil  Co.,  Bakersfield,  Cal 978  13.2  262 

h            Mexican  crude,  Texas  Co 952  17.3  126 

i            Sample  No.  3,  Anglo-Mex.  Pet.  Products  Co 952  17.3  164 

j             "Gaviota  Refinery,"  Associated  Oil  Co.,  California 953  17.1  230 

y            Mexican  oil.  Atlantic  torpedo  flotilla,  March,  1914 947  18.1  182 

k             Standard  Mexican  crude  (lot  1) 954  17.0  145 

1             Mexican  oil,  IT.  S.  S.  Arethusa 950  17.6  182 

1'            "Nos.  1,  2,  3,"  Anglo-Mexican  Pet.   Products  Co 955  16.8  188 

m             Producers  Crude  No.  1  fuel  oil.  Union  Oil  Co.,  Cal...     .959  16.1  174 

n            "Coalinga  Field."  Associated  Oil  Co.,  Monterey.  Cal..     .957  16.5  186 

n'             "Avon  Refinery,"  Associated  Oil  Co.,  Avon,  Cal 953  17.1  168 

o             Richmond,    California    953  17.1  228 

p             Sun  Co.,   Louisiana   936  19.8  275 

q             "Standard,"    Illinois    893  27.3  146 

r             Gulf  Ref.  Co..  Navy  standard  oil,  U.  S.  S.   Perkins..     .892  27.5  180 

s             "Standard,"   Indiana    880  29.6  144 

t             "Standard   Star,"   California    912  23.9  180 

u             "Standard,"    Illinois   (lot  4) 893  27.3  146 

V             "Standard,"  Indiana  (lot  4) 880  29.6  144 

w             Gulf   Refiningr  Co..    Navy   contract 882  29.3  170 

w'             "Standard,"    Lima,    Ohio,    crude 876  30.4  149 

X  Camden  Chemical  Co.,  by-products  of  coaL  tar. 

y             "Star,"    California    912  23.9  180 

z             Gulf  Refining  Co.,  Navy  sUndard  oil,  U.  S.  S.  Roe 885  28.7  182 

Standard  Mexican  gas  oil 856  ,34.2  151 

Indicates  test  results. 


,f 


Dotted  curves 

A            Panuco  crude,  Inter-Ocean  Oil  Co 975  13.7  140 

B             Mexican  petroleum,  Texas   Co 938  19.5  234 

9            C             Associated    Oil    Co.,    California 971  14.2  257 

D             Bakersfield,   Cal.  pipe  line  to  Port  CosU 970  14.4  260 

£             California  Standard  Oil  Co.,  steamer  Santa  Barbara..     .962  15.7  282 

F             Beaumont,  Tex.,  Gulf  Refining  Co 907  24.8  222 

G            Navy  standard  oil,  Texas  Co 911  24  195 

to  to  to 

.900  26  220 

and  called  by  them  the  "Hornsby-Akroyd,"  Akroyd  being  the 
name  of  the  inventor. 

Subsequent  to  the  Tidewater  Pipe  Line  installations,  the  Gulf 
Pipe  Line  Company  equipped  their  550-mile  pipe  line  from  the 
Glenn  Pool  to  Port  Arthur  with  "Type  H.  A."  engines,  all  of  which 
are  still  in  operation  24  hours  per  day.  These  engines  have  shown 
the  remarkable  record  of  an  average  of  better  than  98J/2  per  cent 
service  for  a  period  of  over  eleven  years,  running  24  hours  per  day. 

The  development  of  engines  burning  heavy  oil. — The  develop- 
ments of  more  economical  steam  pumps  and  the  production  of 
crude  and  fuel  oils  too  heavy  for  practical  use  in  the  "Type  H.  A." 
engine  disclosed  the  necessity  for  a  new  engine  to  compete  with 
the  changing  conditions.     The  De  La  "Vergne  Machine  Company 
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then  introduced  their  "Type  F.  H."  engine  known  to  them  as  the 
Franchetti  Horizontal  and  designed  by  Mr.  Allesandro  Franchetti, 
an  Italian.  It  was  long  known  that  to  get  better  results  from  the 
"H.  A.  Engine"  it  would  be  necessary  to  increase  compression,  but 
with  that  system  it  would  be  necessary  to  retard  combustion.  Mr. 
Franchetti  conceived  the  idea  of  injecting  the  fuel  at  the  end  of  the 
compression  stroke  which  was  the  only  solution.  Dr.  Rudolph 
Diesel  had  already  secured  patents  on  the  engine  bearing  his  name 
and  involving  this  method,  but  depending  entirely  on  the  heat  of 
a  high  compression  for  ignition.  Mr.  Franchetti  then  used  a  com- 
bination of  the  Diesel  principle  and  "H.  A."  principle  and  injected 
the  fuel  into  a  chamber  surrounded  by  an  uhjacketted  preheated 
surface  as  in  the  H.  A.  Engine,  but  at  the  end  of  the  compression 
stroke.  This  permitted  carrying  compression  to  any  point  desired 
and  also  the  use  of  lower  grade  fuels.  As  with  the  Diesel  engine 
the  fuel  was  introduced  by  compressed  air.  The  consumption  of 
fuel  was  reduced  from  one  pound  per  h.  p.  hour  in  the  "H.  A." 
engine  to  six-tenths  of  a  pound  in  the  "F.  H."  engine. 

Later  installations. — ^The  first  notable  installation  of  "F.  H." 
engines  was  on  the  Standard  Oil  Company  of  Louisiana  Pipe  Line, 
and  followed  by  the  Oklahoma  Pipe  Line  Company,  the  Magnolia 
Petroleum  Company  pipe  line  and  the  Prairie  Pipe  Line  Company. 

Attracted  by  the  constantly  increasing  business  of  the  De  La 
Vergne  Machine  Company  with  the  oil  pipe  lines,  other  manufac- 
tures entered  into  competition,  most  of  whom  offered  Diesel  en- 
gines manufactured  under  European  licenses,  as  it  was  in  Europe 
the  Diesel  engine  was  being  perfected.  Notable  among  these  is 
the  Snow  Engine,  manufactured  by  the  Snow  Steam'  Pump  Com- 
pany of  Buffalo,  New  York.  Most  of  their  early  installations  were 
two  cycle  horizontal  Diesel  engines,  but  they  early  discarded  the 
two  cycle  engine  in  favor  of  the  four  cycle.  Their  first  installations 
of  note  were  on  the  Prairie  Pipe  Line,  and  probably  the  principal 
reason  was  that  it  was  then  believed  that  a  fire  wall  between  the 
engine  and  pump  rooms  could  be  dispensed  with.  With  engines 
using  hot  surface  ignition  an  open  torch  was  used  for  preheating 
which  could  not  be  done  in  the  same  room  with  the  pumps  because 
of  the  fire  hazard. 

The  next  notable  purchases  of  oil  engines  was  by  the  Sinclair 
Cudahy  Pipe  Line,  which  was  equipped  with  Busch  Sulzer  Broth- 
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ers  Diesel  Engines  and  Snow  Diesel  Engines  and  then  by  the  Yar- 
hola  Pipe  Line  Company,  which  was  equipped  with  Allis-Chalm- 
ers  Diesel  Engines. 

At  about  this  time  the  Mcintosh  &  Seymour  Corporation  of 
Auburn,  New  York,  entered  this  field  and  they  have  now  installed 
a  number  of  their  vertical  Diesel  engines  on  the  Sinclair  lines, 
Prairie  pipe  lines,  Standard  Oil  Company  of  Louisiana  pipe  line, 
and  the  Humble  Pipe  Line  Company's  lines.  These  installations 
range  from  150  to  665  h.  p.  per  engine. 

For  the  last  several  years  practically  all  oil  engines  purchased 
for  trunk  pipe  line  use  have  been  of.  the  straight  Diesel  type,  except 
where  purchases  were  made  to  add  to  plants  already  equipped  with 
other  types.  Until  recently  the  horizontal  engine  has  been  most  in 
favor,  but  during  the  last  two  years  (1919-1921)  probably  85  per 
cent  of  the  oil  engine  power  installed  on  oil  pipe  lines  has  been  of 
the  vertical  multi-cylinder  Diesel  type,  which  is  an  indication  that 
the  prejudice  in  favor  of  horizontal  engines  no  longer  exists.  It  is 
also  a  noteworthy  fact  that  all  of  the  builders  of  horizontal  engines 
are  now  engaged  in  building  vertical  engines,  excepting  possibly 
the  Allis-Chalmers  Company. 

Other  types  of  engines  in  use  in  a  small  way  for  oil  pipe  line 
power  are  the  De  La  Vergne  "Type  D.  H.,"  the  Solid  Injection 
Diesel  engine,  and  the  so-called  "Semi-Diesel." 

Typical  installations. — The  engines  are  used  direct  geared  to 
power  pumps  of  either  the  vertical  triplex  or  horizontal  duplex  pat- 
tern. They  are  installed  of  sufficient  size  so  that  they  operate  at 
only  about  75  per  cent  of  their  rated  horse  power.  Typical  instal- 
lations will  be  discussed.  • 

At  Sour  Lake,  Texas,  The  Texas  Company  has  four  150  h.  p. 
Snow  oil  engines,  each  direct  geared  to  8^x12  Goulds  vertical  tri- 
plex power  pumps.  Two  additional  engines  are  being  installed 
(December,  1920).  Each  of  these  have  a  capacity  of  350  barrels 
per  hour  in  pumping  to  Nederland  or  Port  Arthur.  .  The  initial 
pipe  line  pressure  used  varies  from  350  to  700  pounds  per  square 
inch,  depending  on  the  quality  of  oil  being  pumped.  Lubricating 
oil  filters  and  reclaimers  are  used.  The  approximate  amount  of 
lubricating  oil  used  per  day,  per  engine,  averages  around  tv/o 
quarts.  It  is  reported  that  no  unit  in  this  station  has  stopped, 
except  at  the  regular  90-day  period,  when  a  general  inspection  and 
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overhauling  is  given  each  unit.     Outside  of  this,  they  operate  con- 
stantly (24  hours  per  day,  365  days  per  year). 

In  this  same  district  the  Magnolia  Petroleum  Company  uses  De 
La  Vergne  100  and  150  h.  p.  engines  direct  geared  to  National 
Transit  Company  vertical  triplex  and  horizontal  duplex  power 
pumps.  Their  Hull  station,  containing  three  100  h.  p.  and  three 
150  h.  p.  units,  is  reported  to  operate  on  8  to  10  barrels  of  fuel 
per  day. 

The  Gulf  Pipe  Line  Company  uses  the  De  La  Vergne  engines 
very  extensively  but  also  has  in  use  several  seventy-five  85  h.  p. 
Bessemer  engines. 

The  Humble  Pipe  Line  Company  is  reported  to  be  getting  very 
good  service  out  of  Mcintosh  &  Seymour  vr^rtical  multiple  cylinder 
engines.  They  also  have  in  oj^eration  at  Hull,  Texas,  a  90  h.  p. 
Ingersoll-Rand  low  compression  vertical  oil  engine. 


OPERATION  AND  ADJUSTMENT  OF  DIRECT-ACTING 

STEAM  PUMPS' 

Setting  steam  valves  on  duplex  pumps. — The  general  rule  foi 
setting  the  valves  is  to  place  the  pistons,  on  both  sides,  at  the  cen- 
ter of  the  stroke  and  set  the  steam  valves  in  central  position  with 
relation  to  the  ports.  As  there  is  no  lap,  the  outer  edges  of  the 
valves  will  be  flush  with  the  outer  edges  of  the  ports. 

In  this  position  the  valve  rod  clearance  or  the  lost  motion  must 
be  divided  Evenly,  so  as  to  have  the  same  amount  of  lost  motion  on 
either  side  of  the  valve  or  at  either  end  of  the  lost-motion  link. 
The  total  lost  motion  may  fee  made  equal  to  three-tenths  of  the 
travel  of  the  crank  pin  at  contact  stroke  and  can  later  be  adjusted 
if  the  pump  is  not  working  properly. 

To  place  the  pistons  at  the  center  of  the  stroke,  move  them  first 
to  contact  with  one  head  and  then  to  the  other,  each  position  being 
marked  on  the  rod  against  the  glands.  Then  place  a  mark  midway 
between  these  two  marks  and  move  the  rod  until  this  central  mark 
comes  against  the  edge  of  the  gland.  This  having  been  done  on 
both  sides,  the  pistons  are  in  central  position  in  which  the  valve 
motion  arms  should  stand  perpendicular.  If  this  is  not  the  case  the 
crosshead  must  be  disconnected  and  the  position  corrected. 


^From  Nickel's  "Direct  Acting  Steam  Pumps" — McGraw-Hill. 
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Now  remove  the  steam  chest  covers  and  place  the  slide  in  a 
position  central  to  the  ports,  and  adjust  the  lost  motion  so  as  to 
have  the  same  clearance  on  either  end.  If  the  steam  end  is  equipped 
w^ith  rotary  valves  a  mark  should  be  made  on  the  hub  of  the  crank 
and  a  corresponding  one  on  the  bearing  to  indicate  the  line-on-line 
position.  This  will  save  the  frequent  removal  of  the  bonnets  and 
^mll  be  a  ready  means  of  detecting  any  shifting.  On  very  long 
pumps  it  is  well  to  set  the  valves  while  the  cylinders  are  hot,  be- 
cause the  expansion  of  the  steam  end  may  throw  out  the  setting. 

Setting  up  ptunps. — In  erecting  a  pump  always  be  sure  that  it 
is  so  connected  as  to  provide  a  full  and  uniform  supply  of  the 
liquid  to  be  handled.  To  accomplish  this  the  suction  pipe  should 
be  large  so  as  to  reduce  the  velocity,  3  to  4  feet  per  second  Dting 
proper  in  a  short  pipe.  The  diameter  of  a  long  pipe  should  be  made 
larger  to  allow  for  the  increased  friction. 

The  suction  pipe  should  be  as  short  as  possible  and  few  bends, 

such  as  are  necessary  being  of  long  radius.     A  suction  well  close 

to  the  pump  and  connected  to  the  water  supply  by  a  conduit  is 

preferable  to  a  long  suction  pipe.     Care  must  be  taken  to  maintain 
a  uniform  grade  in  laying  the  pipe  to  avoid  air  pockets.     Test  the 

pipe  to  25  pounds  before  covering,  as  small  air  leaks  will  prevent 

the  proper  working  of  the  pump. 

In  all  cases  where  a  pump  is  to  lift  water  by  suction  it  will  be 
found  convenient  to  provide  a  priming  pipe  leading  to  the  pump 
chambers ;  or,  if  the  suction  pipe  is  provided  with  a  foot  valve,  this 
priming  pipe  may  be  led  to  the  suction  chambers.  A  relief  valve 
should  then  be  attached  to  protect  the  foot  valve.  Hot  water  can 
not  be  lifted  by  suction. 

In  connecting  the  steam  pipe  make  due  allowance  for  expansion. 
Place  a  throttle  valve  in  the  pipe  close  to  the  pump  and  provide 
means  for  draining  the  pipe  with  the  throttle  valve  closed.  Before 
connecting  the  pump,  blow  out  the  steam  pipe  thoroughly  to  keep 
dirt  from  getting  into  the  steam  cylinders. 

After  stopping  the  pump,  open  all  blow-off  and  drain  valves. 
If  it  is  to  be  idle  for  some  time  open  the  cock  of  the  oil  cup,  so  as 
to  let  the  oil  flow  into  the  steam  chest;  then  let  the  pump  make  a 
few  clean  strokes  to  distribute  the  oil  well  over  the  inside  of  the 
steam  end.     This  will  prevent  rusting. 

Keep  the  stuffing-boxes  well  packed  with  a  good  quality  of 
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packing.  Screw  up  the  gland  no  tighter  than  is  necessary  to  pre- 
vent leakage  ,and  renew  the  packing  before  it  becomes  hard. 
Watch  the  rod  and  the  outside-packed  plungers  to  detect  any  cut- 
tine. 

Operating  direct-acting  pumps. — On  small  pumps  a  pet  cock  is 
provided  on  the  discharge  chamber  for  blowing  out  the  air.  On 
larger  pumps  a  regular  valve,  the  starting  or  waste  valve,  should 
be  placed  on  the  discharge  pipe,  inside  of  the  gate  and  check  valves. 
Prime  and  start  the  pump  with  the  waste  valve  open,  so  as  to  work 
the  air  out  of  the  pump  chambers.  If  there  is  a  check  valve,  this 
will  open  automatically  when  the  right  speed  is  reached ;  but  if 
there  is  only  a  gate  valve  with  pressure  on  the  outside,  a  gage 
should  be  placed  at  sortie  point  inside  the  gate  valve.  If  the  pump 
is  then  started,  discharging  through  the  waste  valve,  the  gage  will 
indicate  the  point  at  which  the  pressures  inside  and  outside  of  the 
gate  valve  are  balanced ;  then  the  gate  valve  may  be  opened. 

It  is  essential  that  both  sides  of  a  duplex  pump  be  packed  ex 
.  actly  alike ;  otherwise  on  eside  will  travel  faster  than  the  other. 

Rules  for  starting  large  condensing  pumps. — 

1.  Turn  on  the  jacket  steam  so  as  to  thoroughly  heat  the 
cylinders. 

2.  Prime  the  pump  bodies. 

3.  Start  the  air  pump  (if  independent). 

4.  Open  the  throttle  valve  slowly.  On  a  triple-expansion  pump 
also  open  the  live  steam  valve. 

5.  When  the  pump  is  under  way,  close  the  live  steam  valve  and 
open  the  throttle  valve  until  normal  speed  is  obtained. 

6.  Adjust  the  cutoff  valves,  cushion  valves  and  cross-exhaust 
valves  until  the  pump  is  running  smoothly  at  full  stroke. 

Do  not  allow  a  pump  equipped  wnth  a  surface  condenser  to  ruri 
without  water,  as  the  exhaust  steam  will  burn  out  the  tube  packing- 
Cushion  valve. — Closing  the  cushion  valve  shortens  the  stroke. 
It  is  generally  better  to  run  v.uth  these  partly  open  to  soften  the 
cushion. 

Cross-exhaust  valves.— Opening  these  lengthens  the  stroke.  In 
a  triple-expansion  engine  one  of  the  two  must  generally  be  partly 
or  fully  open  in  order  to  equalize  the  action  of  the  two  sides  of  the 
machine.     When  running  very  slowly  it  may  be  necessary  to  open 
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l>oth  valves  to  maintain  full  stroke.  Never  open  the  intermediate 
cross  exhaust  until  the  high-pressure  cross  exhaust  has  been  fully 
opened.  The  economy  will  be  less  with  the  cross-exhaust  valves 
open  and  the  loss  will  be  greater  with  the  intermediate-pressure 
valve  open  than  with  the  high-pressure  valve  open. 

Cutoff  adjustments. — Triple-expansion  engines  are  equipped 
Avith  cutoff  valves  on  the  high-pressure  cylinders,  for  the  purpose 
of  adjusting  the  stroke  economically.  If  there  are  no  guide  marks 
on  the  links,  note  their  direction  of  motion  and  that  of  the  piston. 
<and  note  whether  the  link  is  pushing  the  valve  closed  or  pulling, 
ivhen  the  piston  is  nearing  the  end  of  the  stroke.  If  pushing,  the 
cutoff  is  shortened  by  lengthening  the  link;  if  pulling,  by  shorten- 
ing the  link.  This  adjustment  can  be  made  while  the  pump  is  in 
motion.  When  properly  adjusted  the  pump  should  make  the  nor- 
mal stroke  with  equal  clearances  at  each  end. 

Operating  Worthington  high-duty  pumps. — The  steam  valves 
can  not  be  set  without  instructions  from  the  manufacturer  and  a 
<liagram. 

The  pump  is  always  started  low  duty,  that  is,  with  the  cutoffs 
out  of  commission,  so  as  to  admit  steam  the  full  length  of  the  stroke. 
When  the  engine  is  under  way,  the  cutoffs  are  throwixin.  Separate 
adjustments  for  the  cutoff  on  each  end  of  each  cylinder  is  provided 
to  control  the  travel  at  the  four  corners  and  to  equalize  the  clear- 
ances. 

The  packing  of  the  compensating  cylinders  and  the  accumulate 
ing  ram  needs  careful  attention,  so  as  to  be  tight  against  the  high 
pressure  without  undue  friction.  Moreover,  the  air  piston  of  the 
accumlator  should  be  kept  flooded  with  oil  to  prevent  excessive  air 
leakage. 

Open  the  pet  cocks  on  the  compensating  cylinders  occasionally 
to  let  the  air  out  and  prevent  an  explosion  should  the  pump  make 
a  quick  stroke.  Keep  the  air  chamber  Well  supplied  with  air  and 
the  accumulator  piston  in  a  central  position. 
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TANKS 


THE  STRAPPING  OF  OIL  STORAGE  TANKS  AND 
PREPARATION  OF  GAGING  TABLES 

The  accuracy  attempted  and  the  detail  gone  into  in  the  prepara- 
tion of  tank  tables  varies  with  the  value  of  the  product  being 
handled.  In  the  Mid-Continent  fields,  where  the  market  price  of 
crude  oil  reaches  as  high  as  $4.»50  per  barrel,  much  more  detail  is 
required  than  in  the  Gulf  Coast  region  or  in  the  Mexican  fields 
ivhere  fuel  oil  prices  get  as  low  as  75  cents  per  barrel.  In  making 
tip  tables  for  tanks  in  which  refined  products  are  stored  even  more 
accuracy  is  needed.  In  preparing  tank  tables  where  too  much  ac- 
curacy is  not  required  the  following  formula  is  used  quite  ex- 
tensively : 

Capacity  of  any  round  tank  in  barrels  per 
inch  of  depth  equals  C*  x  .00118115 

where  C  equals  the  inside  circumference  of  the  tank  in  feet.  The 
inside  circumference  is  found  by  making  a  deduction  for  the  thick- 
ness of  stave  or  steel  plate  from  the  measured  outside  circumference. 
These  deduction  s  will  be  as  follows : 


DEDUCTIONS   WOOD   STAVES 


Thickness 
inches 

1—  0 

—  1/16 

—  1/8 

—  3/16 

—  1/4 

—  5/16 

—  3/8 

—  7/16 

—  1/2 

—  9/16 

—  5/8 
—11/16 

—  3/4 
—13/16 

—  7/8 


DEDUCTIONS  STEEL  TANKS 


Gauge 

Thickness 

Deduction 

Deduction 

inches 

0.52 

11 

1/8 

.0653 

0.56 

10 

9/64 

0.59 

9 

5/32 

.0817 

0.62 

8 

11/64 

0.65 

7 

3/16 

.0983 

0.69 

6 

13/64 

0.72 

5 

7/32 

.1147 

0.75 

4 

15/64 

0.78 

3 

1/4 

.1310 

0.82 

2 

17/64 

0.85 

1 

9/32 

.1473 

0.88 

0 

5/16 

.1637 

0.91 

00 

11/32 

.1800 

0.95 

3—0 

3/8 

.1963 

0.98 

4—0 

13/32 

.2127 

Gauge 

Thickness 

Deduction 

Deduction 

inches 

1.01 

5— <) 

7/16 

.2290 

1.04 

6—0 

15/32 

.2454 

1.08 

7—0 

1/2 

.2617 

1.11 

1.15 

1.18 

1.21 

1.24 

1.27 

1.31 

1.34 

1.37 

448  TANKS 

Thickness 
inches 

—15/16 
2—  0 

—  1/16 

—  1/8 

—  3/16 

—  1/4 

—  5/16 

—  3/8 

—  7/16 

—  1/2 

—  9/16 

—  5/8 

As  a  general  rule  the  following  formulas  will  be  found  useful 
in  preparing  tank  tables  and  in  checking  computations : 


Capacity  of  Cylindrical  tanks  in  barrels  of  42  gallons — 

Per  inch  of  depth  =  (Inside  circumfer.  in  ft.)  *  x  .00118115 
Per  %  inch  of  depth  =  (Inside  circumfer.  in  ft.)  *  x  .00029529 
Per  foot  of  depth        =  (Inside  circumfer.  in  ft.)  *  x  .01416 

(Inside  diam.  in  ft.)  *  x  (Depth  in  ft.) 

Total  capacity  = 

7.15307 


Capacity  of  rectangular  tanksi  in  barrels  of  42  gallons — 

Per  54  i'^ch  of  depth  ^=  Inside  area  base  in  sq.  ft.  x  .003704 


Wooden  tanks. — Wooden  tanks  are  shaped  like  frustrums  of 
cones  and  circumference  measurements  are  usually  taken  with  steel 
tape.  The  first  measurement  is  taken  six  inches  above  the  bottom 
of  the  tank  and  other  measurements  are  taken  every  two  feet  of 
height  thereafter.  Intermediate  circumferences  are  gotten  by  inter- 
polating. The  position  of  the  bottom  of  the  tank  is  ascertained  by 
measuring  up  underneath  the  tank  until  the  bottom  is  encountered 
and  adding  2  inches  for  its  thickness.  Should  the  hoops  interfere 
with  regular  two-foot  measurements  the  measurements  can  be  taken 
at  convenient  points  and  interpolations  made  for  the  regular  two 
foot  measurements.  The  depth  of  the  tank  is  then  measured  and 
the  space  occupied  by  the  vertical  roof  supports  is  calculated.  The 
following  is  an  example  of  a  set  of  notes  taken  in  the  field  in  the 
strapping  of  a  1600  barrel  wooden  tank: 
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Temple  Oil  Company  Tank  No.  202,  Crow  Lease,  Jennings  Field.     June  19,  1920 

HetRht  Above  Bottom  Circumference  in  Feet     Difference  in  Circumference 

0'— 6"  88.08  1.13 

V—(r  86.95  1.13 

4'— 6^  85.94  1.01 

6'— 6*  84.83  1.11 

8'— 6''  83.59  1.24 

10'—^''  82.36  1.23 

12'—^"  80.88  1.48 

14'--6«'  79.53  .1.35 

672.16 

Thickness  of  stave,  2  inches.     Height,  15  feet  6  inches. 

Deadwood?    23  pieces  2x6  uprights.     Eighty  feet  1x6  braces  at  8  to  9  feet  from  boti 
of  tank. 

The  volume  of  the  tank  is  computed  in  barrels  per  inch  in  the 
different  zones,  the  volume  calculations  usually  being  made  every 
3  inches.  The  calculations  are  made  as  for  frustrums  of  cones.  The 
volumes  are  computed  for  depths  of  ^  inch.  The  following  is  an 
example  of  the  computation  for  the  volume  for  a  J^-i^^ch  frustnim 
in  the  zone  between  6  feet  6  inches  and  7  feet  6  inches : 

Circumference  at  6  feet  6  inches .- ' 84.83 

Circumference  at  7  feet  6  inches 84.52 

Mean  circumference 84.52 

Deduction  for  2-inch  stave 1.04 

Inside  mean  circumference 83.48 

(83.48VX.001 1811 
Barrels  per  V^  inch  = =  2.0548 


23X2X6 

Deadwood  deductions  =  •  =     .0071 

4X231X42 


Net  barrels  per  ^.  inch 2.0477 

The  regular  deduction  per  cent  for  loss  in  storage  will  be  deducted 
from  2.0477.  The  contents  in  barrels  per  J4  i"ch  are  calculated  for 
the  regular  intervals,  the  intervening  capacities  per  J4  i'^ch  obtained 
by  interpolating  and  the  whole  added  up  on  an  adding  machine 
After  each  addition,  a  sub-total  is  struck  off  on  the  machine  and 
this  sub-total  gives  the  total  contents  of  the  tank  in  barrels  to  that 
point.  It  is  the  sub-totals  which  are  used  in  making  up  the  actual 
tank  table  which  is  used  in  gaging.  The  tank  table  gives  the  num- 
ber of  barrels  in  the  tank  at  any  depth.    A  total  of  744  sub-totals 
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would  be  needed  in  making  a  table  with  readings  every  ^  inch 
where  a  tank  is  15  feet  6  inches  deep. 

Steel  tanks — In  strapping  5i),000-barrel  steel  storage  tanks  con- 
taining crude  6il  of  fuel  oil  grade  it  is  customary  to  take  but  one 
circumference  measurement  at  the  top  of  the  first  course  of  steel 
plates.  Different  companies  have  different  rules  in  regard  to  this, 
however.  Some  companies  take  two  circumference  measurements, 
one  being  around  the  middle  of  the  second  ring  and  one  around  the 
middle  of  the  top  ring.  Still  other  companies  take  measurements 
around  the  top  of  every  ring,  possibly  interpolating  for  the  measure- 
ments on  the  fourth  and  fifth  rings.  This  procedure  is  rather  un- 
necessary, however,  as  in  measurements  taken  so  far  above  the 
ground  inaccuracies  are  apt  to  creep  in  which  will  more  than  offset 
any  difference  which  might  exist  in  actual  circumference.  The 
circumference  of  the  top  course  is  taken  by  reaching  down  over 
the  eaves  of  the  tank,  the  tapemen  lying  flat  on  the  roof.  The  height 
of  the  tank  is  considered  to  be  the  distance  between  the  base  of  the 
bottom  angle  iron  of  the  tank  and  the  top  of  the  top  angle  iron. 

The  deadwood  in  the  tank  must  be  measured  carefully  and  the 
vertical  position  of  each  timber  given.  In  giving  timbers  such  as 
mud  sills,  the  flat  side  is  usually  given  first :  i.e.  if  sills  are  2  by  12 
inches  and  6  feet  long  with  the  12-inch  side  lying  flat  they  should 
be  given  as  12  by  2-inch  by  6  feet.  Total  volume  of  diagonals  is 
figured  and  divided  proportionally  for  the  vertical  distance  through 
which  they  extend. 

The  tank  table  prepared  must  give  the  total  number  of  barrels 
for  each  inch  of  depth  and  at  one  side  a  small  table  of  capacities 
for  sixteenths  of  an  inch.  This  latter  table  is  gotten  by  taking  the 
reading  that  is  used  most  in  making  up  the  table  and  dividing  it 
into  barrels  per  sixteenth  of  an  inch. 

Example  of  55,000-Barrel  Tank  Strapping  and  Preparation  of  Tank  Table 

Field  notes. — Yupon  Petroleum  Company.  Tank  No.  876.  Hare  Tank 
Farm,  Pine  Island  District.  Strapped  April  26,  1917,  by  T.  R.  B.  for  Yupon 
Petroleum  Company  and  J.  C.  Case  for  Pelican  Pipe  Line  Company. 

Total  outside  circumference,  360.25  feet.  Height,  30.29  feet,  30  feet  3^4 
inches.    Plate  thickness,  7/16. 

Deadwood: 

O'O"—  0^3"  308'— 10"X3''  sills. 

0'3''—  0'9"  119'—  8"X6''  blocks. 

0'9''— 19'0''  Forty  6X8  posts;  Thirty-one  6X6  posts. 
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19'0"— 20'0"  Forty  6X«  posts;  Thirty-one  6X6  posts. 

1155  feet  2X6  braces. 
aO'O"— ZQ'g"  Forty  6X8  posts  Thirtv-one  6X6  posts. 

480  feet  1X6  diagonals. 
29'S''— 29' 10"  Twenty  6X8  posts;  Thirty-one  6X6  posts;  Twen- 
ty 8X2Xr  Caps. 
29'10''— 30'3"  Twenty   6X8    posts;    Thirty-one   6X6   posts;   340 

feet  6X6  caps. 


Office  Work: 


360.23  Outside  circumference 
0.23  Deduction  for  plate 


360.00 
360 

2160 
1080 

12960.00  =  C= 

O  X  .0011811  ^  12960.00  X  .011811 

=  153.07056  =  Gross  barrels  per  inch  depth 
Deducting  2^/c  =  153.07  —  3.06 

:=  150.01. 

Deadwood  Calculations: 

O'O"— 0'3'': 

308X12X10X1        6160 

=  =^  3.809  bbls.  per  irach  taken  up  by  deadwood 

42X231  1617 

150.01—3.809     —  146.20  Net  bbls.  per  inch  at  this  depth. 


0'3''— 0/9": 

119X12X8        1904 


=  1.177 


42X231  1617 

150.01—1.177  =  148.83  Net  bbls.  per  inch  depth. 

0'9''— 19'0'': 

(40X6X8)  +  (31X6X6) 

=  .31 

42X231 

150.01— .31  =  149.70  Net  bbls.  per  inch  depth. 

19'0''— 20'0'': 

40X6X8        31X6X6        1155X12X2X6 

1 \ =  1.74 

42X231  42X231  12X42X231 

150.01—1.74  =  148.27  Net  bbls.  per  inch. 


TANKS  453 


20'0'— 29'8'': 


40X6X8       31X6X6       480X12X1X6 

1 1 =  0.34 

42X231  42X231  116X42X231 

150.01— .34  =  149.67  Net  bbls.  per  inch. 

29'8''— 29'10'': 

(20X6X8)  +  (31X6X6)  +  (20X12X8) 


=  0.41 


42X231 
150.01—0.41  =  140.60  Net  bbls.  per  inch. 

29' 10"  to  top: 

(20X6X8)  +  (31X6X6)  +  (340X12X6) 

42X231 
150.01—2.74  =  147.27 


=  2.74 


The  figure  149.70  is  divided  into  sixteenths  and  used  in  making 
up  the  table  for  sixteenths. 

In  making  up  the  tank  tabic  the  adding  machine  is  used  the 
same  as  for  tank  tables  for  cypress  tanks,  sub-totals  being  drawti 
after  each  addition.  In  this  particular  case  146.20  would  be  added 
three  times,  then  148.83  would  be  added  to  this  six  times  and  149.70 
would  be  added  to  this  219  times  and  so  on  until  each  increment  was 
added  the  proper  number  of  times  for  the  depth  through  which  it 
occurs.    The  grand  total  is  the  net  capacity  of  the  tank. 

In  preparing  tank  tables  for  tanks  in  which  heavy  Mexican 
Crude  (12  degrees  Baume)  is  stored  "outage"  tables  are  generally 
used.  These  tables  give  the  capacity  of  the  tank  according  to  the 
measurement  to  the  top  of  the  fluid  from  a  fixed  point  on  top  of  the 
tank.  This  is  done  because  of  the  difficulty  of  getting  the  plumb 
bob  on  a  steel  gaging  tape  through  the  heavy  fluid  and  the  trouble 
of  locating  "bottom"  accurately.  A  long  brass  bar,  carefully  marked 
to  eights  of  an  inch  is  lowered  on  the  end  of  the  gaging  tape  a  couple 
of  inches  into  the  fluid  and  a  careful  reading  taken  on  the  "knife 
blade"  on  top  of  the  tank.  The  gaging  tape  is  then  pulled  out  and 
the  reading  on  the  brass  bar  deducted.  The  net  reading  is  the  cor- 
rect "outage"  in  the  tank  and  the  tank  table  shows  the  amount  of 
oil  in  the  tank  for  this  outage. 
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Preparing  Tank  Tables  for  Large  Earthen  and  Concrete 

Storage  Tanks' 

Reservoir  Measurements  and  Tables. — For  the  convenience  of 
the  gager  a  small  hatch  is  placed  in  the  roof  of  the  tank,  usually  near 
the  head  of  the  stairway.  The  gage  tape  is  suspended  through  the 
hatch  into  the  open  tank.  However,  as  regards  reservoirs,  it  is  cus- 
tomary to  set  what  is  known  as  a  gage  plate  at  some  convenient 
place  as  close  as  practicable  to  the  lowest  point  in  the  bottom  of 
the  reservoir  and  to  take  all  measurements  for  depth  of  oil  from  this 
plate.  It  comprises  a  steel  plate  about  5^  inch  in  thickness  and  3 
feet  square,  which  is  set  with  foundation  bolts  and  carefully  leveled 
and  grouted.  This  work  is  done  as  the  part  of  the  floor  in  that 
vicinity  is  being  constructed  so  that  it  becomes  an  integral  part 
of  the  lining.  Some  companies  use  a  smaller  gage  plate  and  place 
on  it  a  vertical  pipe  4  to  10  inches  in  diameter  of  sufficient  length  to 
extend  out  through  the  roof  of  the  reservoir.  The  walls  of  the  pipe 
are  perforated  or  slotted,  and  the  top  is  fitted  with  a  cap.  Measure- 
ments for  depth  of  oil  are  then  taken  through  the  pipe. 

Testing  Gage  Plates. — One  of  the  first  duties  of  the  field  or 
construction  engineer  in  the  procuring  of  data  necessary  for  the 
preparation  of  a  gage  table  for  the  reservoir  is  to  examine  carefully 
the  gage  plate  and  determine  whether  all  the  foundation  bolts  are 
tight,  and  whether  the  plate  has  been  properly  grouted  and  has  not 
sprung  at  any  point,  but  is  absolutely  level  over  its  entire  surface. 
The  following  information  should  then  be  pro'^nred : 

Necessary  Measurements  in  Testing  Gage  Plates 

1.  The  diameter  at  the  toe  of  the  inner  slope*. 

2.  The  diameter  at  the  top  of  the  inner  slope*. 

3.  The  elevation  of  the  gage  plate. 

4.  The  elevation  of  a  sufficient  number  of  points  on  the  bottom 
so  that  an  accurate  contour  map  may  be  plotted,  the  contour  interval 
of  which  should  not  be  more  than  one-fourth  of  an  nich. 

5.  The  dimensions  of  all  footings,  posts,  braces,  and  other  dead- 
wood  as  outlined  for  tank  strappings*. 


'Bulletin  No.   155,  Bureau  of  Mines. 

This  measurement  should  be  taken  in  as  many  places  as  possible  and  carefully  checked. 
^As  regards  a  reservoir,   however,   on   account  of   the   slope  of  the  bottom,  the  exact 
location  of  the  deadwood  must  also  be  determined. 
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6.  The  location  and  the  size  of  the  pump  cont^iining  the  swing 
pipes  and  the  water  draw-off  pipes. 

Computing  Gage  Tabic. — From  the  elevation  of  the  points  on 
the  bottom  of  the  reservoir  a  contour  map  of  one-fourth  inch  ma- 
terial interval  is  plotted  and  from  this  the  gross  content  up  to  the 
jjage  plate  is  computed.  To  this  is  added  the  volume  of  the  sump 
and  from  the  sum  is  subtracted  the  volume  of  the  deadwood  up  to 
the  plane  of  the  gage  plate.  The  net  amount  thus  obtained  gives 
the  content  of  the  reservoir  up  to  0  feet  0  inches  on  the  gage  table. 

If  the  gage  table  is  to  read  to  one-eights  of  an  inch,  as  is  usually 
the  case,  the  content  is  computed  in  a  similar  manner  proceeding  by 
eighths  of  an  inch,  up  to  the  point  where  a  horizontal  plane  will  cut 
the  side  slopes  of  he  reservoir.  From  this  point  to  the  top  the  vol- 
ume is  computed  at  one-eighth  inch  intervals,  the  reservoir  being 
considered  as  a  frustrum  of  a  cone,  deadwood  being  deducted  as  in 
the  tank-table  computation:*. 

Gage  tables  are  made  to  read  to  the  nearest  one-hundredth  of  a 
barrel.  Volumes  for  fraction  of  an  inch  less  than  one-eighth  are 
obtained  by  interpolation. 


CONTRACT  SPECIFICATIONS  FOR  55,000.BARREL  STEEL 

TANK  WITH  STEEL  ROOF 

The ,  in  itself  or  by  its  duly  authorized  representative, 

shall  be  referred  to  in  these  specifications  as  the  "Company.'* 

The  firm  undertaking  to  furnish  and  erect  this  tank  herein  de- 
scribed, in  itself  or  by  its  duly  authorized  representative,  shall  be 
referred  to  in  these  specifications  as  the  "Contractor." 

At  all  times  during  the  progress  of  the  fabrication  of  the  tank 
material  or  erection  of  the  tank,  the  Contractor  shall  designate 
some  person  as  his  representative,  to  whom  instructions  may  be 
given  by  a  duly  authorized  representative  of  the  company. 

Location. — Tank  to  be  erected  upon  foundation  prepared  by  the 
company. 

Freight  and  hauling. — ^The  Contractor  shall  deliver  all  tank  ma- 
terial, tools,  and  appliances  f.  o.  b.  cars  nearest  railroad  station.  The 
company  shall  haul  "all  tank  material,  tools,  and  appliances  neces- 


>United  Sutes  Bureau  of  Mines.     Bulletin  No.   155. 
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sary  for  the  construction  of  the  tank  from  the  railroad  station,  and 
shall  deliver  same  within  100  feet  of  the  tank  site,  and  on  comple- 
tion of  the  work  shall  return  tools  and  appliances  to  the  railroad 
station. 

Drawings. — The  followinj^  drawings  form  an  integral  part  of 
and  are  to  be  used  in  conjunction  with  these  specifications :  Figures 
154  to  160. 

Dimensions. — Diameter,  114  feet  6  inches,  average  inside  mea- 
surement ;  height,  30  feet. 

Material. — All  material  for  the  tank  shall  be  of  steel,  complying 
with  Standard  Specifications  for  Structural  Steel  of  the  American 
Society  for  Testing  Materials  (copy  of  which  is  hereto  attached). 
Contractor  to  furnish  a  certificate  from  an  approved  firm  of  testing 
engineers  covering  all  materials  used,  but  such  certificate  shall  not 
act  to  prevent  company  exercising  the  right  to  reject  undergaged 
plates  or  defective  material  wherever  it  may  be  found. 

Tank  to  be  composed  of  6  rings  of  equal  height,  as  shown  in 
Fig.  154.  Plates  to  be  of  uniform  size  with  minimum  dimensions, 
as  hereinafter  designated. 

All  plates  shall  be  ordered  to  gage,  permissible  variations  to  be 
in  accord  with  specifications  above  referred  to. 

Punching  and  riveting,  etc. — Plates  and  angles  for  the  shell  of 
the  tank  must  be  rolled  to  proper  curvature. 

Plates  and  angles  must  be  punched  from  the  sides  that  are  to  be 
in  contact,  and  the  punching  must  be  so  accurate  that  the  holes  will 
match  within  10  per  cent  of  their  diameter  when  plates  are  as- 
sembled. Holes  for  hot  rivets  shall  be  punched  not  more  than  one- 
sixteenth  of  an  inch  larger  in  diameter  than  the  rivets  that  are  to 
fill  them. 

Riveting  shall  be  done  with  pneumatic  tools,  and  air  pressure  of 
approximately  90  pounds  per  square  inch  at  the  receiver  being  used. 
Rivets  must  conform  with  the  specifications  in  diameter,  length, 
pitch,  and  marginal  distance.  Should  any  burned,  deformed  or 
loose  rivets  be  found  in  the  work,  they  are  to  be  cut  out  and  replaced. 
No  calking  of  the  rivets  will  be  allowed.  Riveting  of  the  bottom 
sheets  shall  be  done  from  the  inside;  all  other  riveting  including 
riveting  of  the  bottom  to  the  bottom  angle,  and  of  the  roof,  shall 
be  done  from  the  outside.  All  rivets  one-half  inch  in  diameter  or 
larger  shall  be  driven  hot. 
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Calking. — ^All  edges  to  be  calked  shall  be  beveled  by  planing. 
All  seams  must  be  thoroughly  calked  with  a  round-nosed  pneumatic 
calking  tool.  The  shell  of  the  tank  shall  be  formed  by  ascending 
inside  courses  calked  on  the  outside.  Bottom  plates  to  be  calked 
on  the  inside  except  on  the  angle  iron,  where  they  are  to  be  calked 
on  the  outside,  «nd  both  legs  of  angle  iron  shall  be  calked  inside. 
Angle  irons  to  be  butt  calked  at  joints. 

All  roof  plates  to  be  calked  from  the  outside  of  tank,  this  to 
include  also  calking  at  top  angle  iron. 

All  castings,  nozzles,  flanges  and  manheads  riveted  to  the  tank 
must  be  calked  thoroughly  inside  and  outside. 

Testing  the  bottom. — Upon  completion  of  the  bottom  and  the 
first  ring  of  the  shell,  and  before  the  bottom  has  been  lowered  to  the 
ground,  the  bottom  shall  be  covered  with  water  to  a  depth  of  not 
less  than  5  inches,  and  all  leaks  that  develop  shall  be  made  tight 
to  the  satisfaction  of  the  company  or  its  duly  authorized  representa- 
tive before  any  lowering  is  done.  Necessary  water  for  the  testing 
shall  be  furnished  by  the  company  for  one  test  only.  Should  addi- 
tional tests  be  made,  water  will  be  charged  to  the  contractor  at  cost. 

ThicknoBS  of  metal,  spacing  of  rivets,  etc. — The  thickness  of 
metal,  the  spacing  of  rivets,  and  the  like,  shall  be  set  forth  in  the 
following  table. 


Thickness  of  Metal,  Spacing  of  Rivets,  etc..  Prescribed  for  Tank 

Covered  By  These  Specifications 


Thick- 
Part  ness. 

Ins. 

Bottom    sketch   plates 5/16 

Bottom  rectangular  plates.  1/4 

First   ring   9/16 

Second  ring   1/2 

Tliird    ring    13/32 

Foorth   ring    5/16 

Fifth  ring   1/4 

Sixth  ring   1/4 

Roof  plates  3/16 


Horizontal  riveting- 

- 

all  single 

rows. 

Vertical  riveting. 

Weight 

Distance 

per 

Diameter 

Diameter 

between 

square 

of 

of 

rows,  center 

foot. 

rivets.   ] 

Pitch. 

Rows. 

rivets. 

Pitch. 

to  center. 

Lbs. 

In. 

Ins. 

In. 

Ins. 

Ins. 

12.75 

'A 

1J4 

10.20 

yi 

1^ 

22.95 

1 

2% 

Triple 

Va 

3 

2 

20.40 

H 

2% 

Triple 

Va 

3 

2 

16.58 

Va 

2^ 

Double 

Va 

2J4 

2 

12.75 

Va 

2y» 

Double 

H 

2»4 

Ifi 

10.20 

^ 

2 

Double 

H 

254 

IVa 

10.23 

H 

2 

Double 

H 

2^ 

m 

7.65 

H 

1J4 

Size  of  plates  and  angles. — Plates  for  shell  shall  be  60  by  180 
inches  center  to  center  of  rivet  laps  (24  plates  per  ring).  Bottom 
and  top  rectangular  plates  shall  be  60  by  180  inches  center  to  center 
of  rivet  laps.    Bottom  angle  irons  connecting  the  shell  shall  be  4  by  4 
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inches  by  ^  inch.    Top  angle  irons  connecting  the  roof  with  the 
shell  shall  be  3  by  3  inches  by  ^  inch. 

Angle  shoes. — Shoes  uniting  ends  of  angles  shall  be  made  of 
^-inch,  16-pound  steel,  and  shall  be  not  less  than  12  inches  in 
length  with  the  ends  drawn  to  a  thin  edge.  Shoes  must  be  set 
between  steel  angles,  shell  and  bottom  of  tank,  and  must  be  of 
sufficient  width  to  be  properly  calked  outside  the  line  of  the  steel 
angles. 

ShelL — The  shell  shall  be  composed  of  6  courses,  as  shown  on 
Fig.  154,  each  course  to  be  a  true  circle  and  to  be  free  from  flaws  and 
buckles.  The  first  two  courses,  counting  from  the  bottom  upward, 
are  to  have  the  vertical  seams  triple  riveted.  The  third,  fourth  and 
fifth  courses  are  to  have  the  seams  double  riveted.  All  horizontal 
seams  are  to  be  single  riveted. 

Roof. — Roof  to  be  composed  of  3/16-inch  steel  plates,  weighing 
7.65  pounds  per  square  foot,  and  to  rest  on  steel  roof  supports  as 
shown  in  Fig.  165.  The  roof,  however,  shall  not  be  riveted  to  roof 
supports  at  any  point.  When  complete  the  roof  must  be  "gas  tight," 
and  shall  show  no  leaks  when  tested  with  an  air  pressure  equal  to 
the  weight  of  the  roof. 

Roof  supports. — Roof  supports  shall  be  constructed    of    steel 

shapes  as  shown  on  Fig.  155.     Size  and  fabrication  shall  conform 
to  those  shown,  and  workmanship  to  be  approved  by  the  company. 

Manholes. — ^Two  manholes  shall  be  placed  in  the  first  course  of 
tank,  as  designated  by  the  company  in  the  field.  Each  manhole 
shall  be  20  inches  deep,  and  shall  be  made  of  steel  with  welded  seam, 
weighing  not  less  than  21  pounds  per  square  foot.  Neck  of  flange 
must  be  covered  to  suit  radius  of  tank  shell.  The  manhole  shall  be 
fitted  with  steel  cover  plate  ^  inches  thick,  faced  and  punched  to 
suit  holes  in  flange,  and  bolted  to  flange  with  2454-inch  square-head 
bolts  and  hexagon  nuts.  The  manhole  shall  be  riveted  to  tank 
shell  with  54~inch  rivets,  as  shown  on  Fig.  154. 

Pipe  flanges,  nozzles,  etc. — The  tank  shall  be  furnished  with  the 
following  pressed-steel  flanges  secured  to  the  shell  with  ^^"inch 
diameter  rivets.  Position  to  be  designated  in  field  by  the  company. 
One  pair  of  flanges  to  be  threaded  for  8-inch  pipe  for  drawing  off 
-water.  One  pair  of  flanges  to  be  threaded  for  8-inch  pipe  for  oil 
inlet  pipe.     Bottom  of  tank  to  be  fitted  with  one  single  flange 
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threaded  for  8-inch  pipe,  secured  to  bottom  of  tank  with  j4-inch 
rivets,  location  to  be  designated  in  the  field  by  the  company,  also 
ivith  manhole  and  gage  hatch,  as  shown  in  detail  on  Fig.  155. 

Tank  to  be  fitted  with  one  combined  swing  pipe  and  suction 
nozzle,  as  shown  in  detail  on  Fig.  154.  Nozzle  to  be  made  of  single- 
lap  forge-welded  sicei  plate  j4-inch  thick,  and  to  be  secured  to  she^ 
of  tank  in  position  located  in  the  field  by  the  company,  with  a  double 
roiv  of  f4"*i^ch  rivets,  as  shown  on  drawing.  SwJng  pipe  and  sue* 
tion  end  of  nozzle  to  be  fitted  with  cast  steel  flange,  as  shown. 

Swing  pipe. — Contractor  shall  supply  and  install  swing  pipe  as 
shown  in  detail  on  Fig.  156.  Swing  pipe  to  be  delivered  on  the 
job  so  that  it  may  be  placed  (but  not  installed)  inside  of  the  tank 
shell  as  soon  as  the  bottom  is  tested  and  lowered.  Contractor  will 
not  be  permitted  to  lift  the  swing  pipe  over  the  shell  of  the  tank 
after  the  first  ring  of  the  tank  is  in  position. 

Double-swivel  joint  for  swing  pipe. — Contractor  shall  supply 
and  install  to  the. satisfaction  of  the  company  a  double-swivel  elbow 
joint  for  connecting  the  swing  pipe  to  the  swing  pipe  nozzle.  De- 
fails  for  this  swivel  joint  are  shown  on  Fig.  157.  Construction  of 
joint  must  follow  closely  details  as  per  drawing. 

Stairway. — The  Contractor  shall  furnish  and  install  a  stairway 
anchored  to  the  shell  of  the  tank  and  running  from  the  ground  to 
tfie  top  of  the  tank,  as  shown  on  Fig.  158.  This  stairway  shall  be 
equipped  with  door  covered  with  No.  12  wire  screen,  f^-inch  mesh, 
as  shown  on  Fig.  158. 

Explosion  hatches. — The  tank  shall  be  equipped  with  eight  ex- 
plosion hatches  to  be  located  on  the  roof  of  the  tank  in  the  field  as 
designated  by  the  company.  Details  of  the  explosion  hatches  are 
shown  on  Fig.  159.  These  explosion  hatches  must  be  furnished 
by  the  contractor  and  must  conform  closely  to  the  drawing.  Brass 
rods  must  be  true  and  smoothly  turned,  and  must  be  accurately 
fitted  in  babbited  bearings,  as  shown,  in  order  that  aluminum  cover 
of  hatch  will  rise  without  binding. 

Cable  guides  and  stuffing  box. — Tank  shall  be  provided  with 
cable  guide  and  stuffing  box  for  cable,  as  shown  in  detail  on  Fig. 
160.  One  hundred  feet  of  J4  inch  diameter  6-strand  19-wire  plow- 
steel  galvanized  wire  cable  shall  be  furnished  by  contractor. 
Sheave  wheels  for  cable  must  be  accurately  centered  and  supports 
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securely  riveted  to  tank  shell  and  calked  inside  and  outside  of  tank. 
Swing-pipe  winch. — Swing-pipe  winch   shall   bt   furnished  by 
contractor  as  per  detail  shown  on  Fig.  160,  and  shall  be  placed  in 
position  by  contractor  where  designated  by  company. 

Painting. — The  outside  of  the  tank,  including  the  top,  shall  be 
painted  with  one  coat  of  asphahic,  graphite,  or  other  paint  ap- 
proved by  the  company,  to  be  spread  on  with  brush  and  to  thor- 
oughly cover  the  metal.  The  bottom  of  the  tank  shall  be  painted 
yg^ith  three  coats  of  the  same  paint  outside  and  inside;  at  least  six 
hours  shall  be  allowed  for  each  successive  coat  to  dry. 

Inspection. — All  material  and  workmanship  shall  be  subject  at 
all  times  to  the  inspection  of  the  company  or  its  duly  authorized 
representative^  and  any  defective  material,  whether  discovered  be- 
fore or  after  it  has  been  used  in  the  work,  shall  be  replaced  by  the 
contractor  at  his  own  expense.  Contractor  shall  also  furnish  trans- 
portation from  the  railroad  to  the  tank  site  for  such  new  material. 

Pinal  test. — Upon  the  completion  of  the  tank,  and  before  it  is 
inspected,  it  may  be  filled  with  oil  or  water  at  the  option  and  ex- 
pense of  the  company,  and  any  leaks  that  develop  shall  be  made 
tig^t  to  the  satisfaction  of  the  company  by  the  contractor  at  his 
own  expense. 

Boarding  of  work  crew. — The  contractor  shall  provide  board, 
lodging  and  transportation  for  his  men  at  all  times.  Commissary 
water  will  be  furnished  by  the  company.  Purifying  of  same,  where 
necessary,  to  be  done  by  the  contractor.  No  intoxicating  liquors 
shall  be  permitted  on  the  premises. 

Workmanship. — The  work  throughout  shall  be  done  in  a  first- 
class  workmanlike  manner,  and  only  men  competent  in  their  line 
shall  be  employed  on  the  work.  Upon  demand  of  the  company,  or 
its  duly  authorized  representative,  any  workman  who  in  the  judg- 
ment of  the  company  is  found  to  be  incompetent,  careless,  or  intem- 
perate, shall  be  dismissed. 

Extra  work. — These  plans  and  specifications  are  intended  to  de- 
scribe a  complete  oil-tight  and  gas-tight  tank.  Any  work  and 
material  necessary  to  produce  such  a  tank,  although  not  mentioned 
in  the  specifications  or  shown  on  the  plans,  shall  be  supplied  by  the 
contractor  without  extra  cost  to  the  company.  The  company  will 
not  pay  for  extra  work  unless  it  has  been  executed  on  a  written 
order  by  the  company,  or  its  duly  authorized  representative. 


PETROLEUM  PRODUCTION  METHODS 


468  PETROLEUM  PRODUCTION  METHODS 

Rubbish. — On  completion  of  the  work  all  useless  material  used 
in  the  construction  shall  be  cleared  away  from  inside  and  outside 
the  tank,  and  shall  be  removed  to  such  a  point  on  the  premises  as 
may  be  designated  by  the  company. 

Camp  sanitation. — The  contractor  shall  at  all  times  maintain  his 
boarding  house,  sleeping  quarters,  and  all  other  appurtenant  facil- 
ities in  a  sanitary  condition  to  the  satisfaction  of  the  company. 

Tanks  with  Wooden  Roofs' 

Many  companies,  especially  those  handling  heavy  oils,  are  still 
constructing  tanks  with  wooden  roofs.  The  roofs  are  composed  of 
sheathing  1  by  6  inches  or  1  by  12  inches,  generally  sized,  but  some- 
times laid  on  in  the  rough,  on  rafters  2  by  8  inches,  supported  by 
girders  5  by  12  inches  or  6  by  12  inches,  resting  on  posts  6  by  6 
inches.  Footing  blocks  2  by  8  inches  and  about  3  feet  long  are 
usually  provided  for  the  posts.  The  tops  of  the  posts  where  girders 
join  are  also  provided  with  corbels  of  the  same  size  and  material  as 
the  footing  blocks.  The  posts  are  tied  together  in  each  successive 
ring  by  sway  braces  of  material  1  by  6  inches,  placed  diagonally. 

Some  builders  also  tie  the  rings  of  posts  together  at  various 
points.  This  practice,  however,  is  not  general  and  is  of  question- 
able benefit  as  regards  strengthening  the  structure. 

The  sheathing  boards  are  usually  covered  with  a  good  grade  of 
roofing  paper  which  is  essentially  a  deadening  felt  rendered  water- 
proof by  having  been  immersed  in  a  hot  solution  of  asphaltic  mate- 
rial, and  then  rolled  under  heat  and  pressure.  Roof  coverings  are 
also  built  up  with  layers  of  building  paper  or  burlap  coated  and 
stuck  together  with  asphaltum,  and  having  a  pebble  finish  on  top. 
Such  coverings  should  not  be  applied  to  a  newly  constructed  roof 
before  it  has  had  time  to  season  thoroughly,  as  the  lumber  in  season- 
ing will  almost  surely  tear  the  covering  apart  in  some  places  and 
badly  pucker  it  in  others. 

Sheet  iron  is  also  used  for  a  covering  for  wooden  roofs.  The 
writer  has  seen  some  such  roofs  so  well  constructed  that  to  all 
appearances  they  do  not  leak  water  and  are  reasonably  tight  even 
to  the  passage  of  gases.  This  construction  has  the  disadvantage 
that  the  nails  used  for  fastening  on  the  iron  will  soon  become  loose 
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in  the  sheathing  on  account  of  the  wood  having  shrunk  or  become 
brash.  There  is  a  danger  therefore  that  the  wind  during  a  storm 
may  get  a  foothold  under  a  sheet  so  loosened  and  tear  a,  consider- 
able part  of  iron  from  the  sheathing.  This  same  objection  holds 
true  with  a  paper-covered  roof.  Once  the  covering  of  a  wooden  roof 
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Fig.  161 — Specification  of  fire  wall 

is  gone,  the  wind  will  often  v/reck  the  sheathing  and  rafters  as  well. 
Wooden  roofs  and  wooden  roof  supports  are  objectionable  also 
as  regards  fire  hazards.  Although  it  may  be  possible  to  extinguish 
burning  oil  in  a  tank  by  steam  or  blanket  of  foam,  neither  of  these 
methods  is  necessarily  effective  in  putting  out  a  fire  on  the  roof,  so 
that  smouldering  embers  may  be  continually  dropping  back  into 
the  tank  only  to  reignite  the  whole  mass,  no  matter  how  often  the 
blaze  alon  gthe  surface  of  the  oil  may  have  been  quenched. 
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Specification  for  Fire  Wall  for  55,000  Bbl.  Tank. 

Fire  wall. — Fire  wall  will  be  staked  centerline  100  feet  from  shell 
of  tank.  The  finished  wall  will  be  5  feet  high,  4  feet  crown  and 
slope  of  ljf/2  to  1  foot,  making  the  base  on  level  ground  19  feet  wide 
and  slopes  uniform.  The  base  of  fire  wall  will  be  plowed  furrows 
close  in  around  with  circumference  of  wall.  The  fire  wall  will  be 
made  of  good  soil  free  from  vegetation,  roots,  stumps,  grass,  and 
free  of  clods,  so  as  to  pack  as  the  slips  or  wheeler  dumps  and  the 
fill  rises.  The  earth  will  be  taken  from  the  space  between  the  tank 
and  wall  and  a  strip  left  6  feet  from  the  toe  of  the  fire  wall  for  bermfc. 

Drainage. — A  pipe  will  be  i)laced  under  the  fire  wall  at  the  lowest 
point  and  a  ditch  cut  so  as  to  drain  the  water  in  borrow  pits  on  the 
entire  excavation.  The  work  to  be  done  under  the  supervision  of 
engineer  or  superintendent  in  charge. 

Estimates. — The  work  will  be  straight  yardage  with  short  haul 
or  force  account  of  time  by  the  day,  both  teams  and  men  to  be  de- 
cided at  time  of  contract.  Checks  will  be  drawn  in  favor  of  con- 
tractor on  completion  of  50  per  cent  of  work  and  approval  of  engi- 
neer or  superintendent,  or  arrangements  made  at  time  of  contrac*. 
Yardage  will  run  about  2108  yards  to  the  fire  wall. 

TANK  EARTHWORK' 

The  formulas  on  the  following  page  for  use  in  calculating 
the  quantities  of  earthwork  involved  in  the  preparation  of  sites  for 
large  steel  tanks.  By  the  use  of  these  formulas,  all  calculations  may 
be  made  directly  in  the  field-book  used  in  setting  grade-stakes,  with- 
out drafting  instruments  or  planimeter.  This  is  of  special  advant- 
age when  several  sites  are  to  be  compared  in  the  field  to  determine 
which  will  require  the  least  grading. 

Special  formulas  are  given  for  grades  125  feet  in  diameter,  usu- 
ally used  for  55,000  barrel  oil  tanks  of  114  feet  6  inches  diameter, 
and  for  grades  105  feet  diameter  adaptd  to  the  37,500  barrel  tanks 
in  common  use  in  the  oil  business.  A  general  formula  is  given  for 
smaller  grades.  While  the  calculation  appears  rather  complicated 
at  first  glance,  its  simplicity  will  be  apparent  on  comparing  the 
example  worked  out  for  a  125  foot  grade  with  a  similar  computation 
by  some  of  the  other  common  methods. 
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The  derivation  of  these  formulas  is  too  tedious  to  be  given  in 
detail,  but  it  may  be  outlined  as  follows : 

(1)  The  cylindrical  figure  whose  horizontal  projection  is  the 
base  of  the  grade  is  made  up  of  a  number  of  prisms,  the  area  of 
whose  horizontal  bases  are  known  from  the  conditions  assumed, 
and  whose  vertical  edges  are  the  'cuts.'  The  volume  of  these  prisms 
are  calculated,  the  cuts  being  represented  by  the  letters  shown  on 
the  diagram,  added  together,  and  reduced  to  cubic  yards. 

(2)  The  ring,  of  varying  triangular  section,  outside  of  the  cyl- 
inder, is  treated  as  follows :  The  area  of  the  triangular  section  at 
each  30°  line  is  expressed  in  terms  of  the  cut  at  the  edge  of  the 
base  and  the  elevation  of  the  slope-stake  (set  where  the  excavation 
meets  the  natural  surface),  the  slope  of  the  bank  being  given.  The 
distance  from  the  center  of  the  grade  to  the  centre  of  gravity  of  this 
triangular  is  found  in  terms  of  the  same  quantities  and  the  radius 
of  the  grade,  and  the  volume  generated  by  swinging  the  triangle 
through'  30°  calculated  according  to  Guldin's  principle.  The  volumes 
thus  found  are  added  together,  reduced  to  cubic  yards,  and  added  to 
the  volume  found  in  (1). 

The  formulas  apply  equally  well  to  a  grade  that  is  to  be  made 
entirely  in  fill,  by  substituting  "fill"  for  "cut"  throughout.  Tank 
grades  should  never  be  built  in  both  cut  and  fill,  for  obvious  reasons. 


Contract  Specifications  for  Construction  of  750,000  Barrel 

Concrete  Lined  Reservoir* 

Definition. — The Company  in  itself,  or  by  its  duly  author- 
ized representative,  shall  be  referred  to  in  these  specifications  as  the 
"company." 

The  firm  undertaking  to  furnish  the  material  and  erect  the 
reservoir  as  herein  specified,  in  itself,  or  by  its  duly  authorized 
representative,  shall  be  referred  to  in  these  specifications  as  the 
"contractor." 

At  all  times  during  the  progress  of  the  work  the  contractor  shall 
designate  some  person  as  his  representative  to  whom  instructions 
may  be  given  by  duly  authorized  representatives  of  the  company. 

Drawings. — ^The  drawings  listed  below,  showing  the  details  of 
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the  construction  of  the  resrvoir,  are  hereby  made  a  part  of  these 
specifications :    Figs.  162  to  165. 

The  drawings  and  specifications  are  intended  to  supplement 
each  other,  so  that  the  work  described  in  the  drawings  and  not 
mentioned  in  the  specifications,  or  vice  versa,  is  to  be  executed  by 
the  contractor  as  if  it  were  both  mentioned  in  the  specifications  anv^ 
shown  on  the  drawings. 

Shape  and  plan  of  construction. — The  reservoir  shall  be  circular 
in  plan,  as  shown  on  Fig.  162,  and  shall  be  constructed  by  making 
an  excavation  and  construction  around  the  excavation,  with  tho 
excaavted  material,  an  earthen  embankment.  The  area  within  the 
inner  crest  of  the  embankment  shall  then  be  covered  with  a  wooden 
roof,  after  which  the  bottom  an  dthe  sides  of  the  place  inclosed 
shall  be  lined  with  concrete. 

Dimensions,  slopes,  areas  and  capacity  of  embankments. — The 
dimensions  of  the  reservoir  are  as  follows : 

Inside  diameter  at  top,  488  feet. 

Inside  diameter  at  bottom,  437  feet  6  inches. 

Maximum  depth,  approximately  25  feet  11  inches. 

The  slopes  of  the  embankment  shall  be  as  follows : 

Slope  of  embankment  inside  reservoir,  1  horizontal  to  1  vertical. 

Slope  of  embankment  outside  reservoir,  2  horizontal  to  1  vertical. 

Slope  of  embankment  top  of  reservoir,  24  horizontal  to  1  ver- 
tical. 

The  width  of  the  embankment  on  top  shall  be  15  feet.  The 
area  of  the  bottom  will  be  approximately  150,330  square  feet. 
The  area  of  the  sides  will  be  53,200  square  feet ;  total  area,  203,530 
square  feet;  capacity  in  barrels  of  42  gallons  each,  approximately 
750,000. 

Workmanship. — All  work  in  connection  with  the  construction 
must  be  done  in  a  w'orkmanlike  manner,  and  to  the  entire  satis- 
faction of  the  company  or  its  duly  authorized  representatives. 

Inspection  of  material. — All  material  furnished  by  the  contract- 
or as  herein  specified  shall  be  of  the  best  of  its  respective  kind, 
and  shall  at  all  times  be  subject  to  inspection  by  the  company 
or  its  duly  authorized  representative,  and  any  material  that  shall 
be  found  defective  and  be  condenmned  by  the  company  must  be 
removed  immediately  by  the  contractor  and  be  replaced  by  ac- 
ceptable material. 
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Damages. — The  contractor  shall  at  all  times  be  responsible  for 
damages  to  material  that  is  stored  in  the  vicinity  of  the  reservoir 
site  during  the  progress  of  construction,  and  the  contractor  shall 
make  good  such  damaged  material  by  supplying  new  material  from 
time  to  time  at  his  own  cost  and  expense  as  directed  by  the  com- 
pany. The  contractor  shall  also  be  responsible  for  any  damages 
•done  to  the  reservoir,  or  any  part  of  it,  or  to  any  property  of  the 
company  upon  which  the  reservoir  is  situated,  caused  by  the  care- 
lessness or  negligence  of  any  of  his  employes.  The  contractor  shall 
also  be  liable  for  all  damages  to  tools,  implements  and  equipment 
furnished  by  him  during  the  progress  of  the  work. 

Care  of  men. — The  contractor  shall  have  complete  responsibil- 
ity for  the  care  of  the  men  in  his  employ  ,and  shall  be  liable  for  all 
damages  by  accident  to  such  employes.  He  shall  furnish  the  neces- 
sary commissary  for  feeding  his  men,  and  shall  provide  necessary 
tents,  temporary  houses,  and  equipment  for  sleeping  quarters. 

Incompetent  employes. — ^The  contractor  shall  furnish  only  such 
men  for  the  prosecution  of  the  work  as  are  competent  in  their  par- 
ticular line  of  employment.  If  any  employe  is  judged  incompe- 
tent by  the  company  or  its  duly  authorized  representative  then 
the  contractor  shall  immediately  remove  such  employe  and  shall 
not  again  employ  him  on  the  work. 


EARTHWORK 

Nature  of  the  work. — The  work  to  be  done  under  this  section 
consists  of  excavating  the  necessary  earth  from  the  interior  of  the 
reservoir  and  depositing  such  excavated  material  in  the  embank- 
ments surrounding  the  reservoir,  in  accordance  with  plans  hereto 
attached. 

Equipment. — ^The  contractor  shall  supply  all  the  necessary  labor, 
tools,  and  equipment,  including  picks,  shovels,  drills,  "fresno" 
scrapers,vroad  machines,  tampers,  and  teams,  and  whatever  equip- 
ment is  necessary  for  properly  carrying  on  the  work. 

Grade  stakes. — The  company  shall  place  grade  stakes  wherever 
required  about  the  reservoir,  and  the  completed  excavations  and 
fills  shall  conform  truly  to  the  slope  and  outline  as  determined  by 
such  grade  stakes,  and  the  company  shall  not  be  responsible  for 
nor  shall  it  pay  for  any  work  that  does  not  conform  to  such  grade 
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stakes.  The  contractor  and  his  employes  shall  at  all  times  exer- 
cise due  caution  in  caring  for  grade  stakes  as  set  by  the  company, 
and  any  employe  willfully  destroying  such  stakes  shall  be  imme- 
diately discharged  by  the  contractor. 

Excavation. — The  exact  amount  of  excavation  shall  be  governed 
by  the  material  that  must  be  excavated,  and  shall  be  determined  by 
the  company  from  time  to  time  during  the  progress  of  the  work. 
Should  it  be  necessary  in  the  opinion  of  th^  company  to  excavate 
more  material  from  the  reservoir  than  originally  intended,  or  to  ex- 
cavate material  from  borrow  pits,  the  exact  amount  of  such  excava- 
tion shall  be  carefully  determined  by  the  company  by  cross  section, 
and  the  additional  yardage  shall  be  paid  for  at  the  same  rate  as 
the  yardage  from  the  original  excavation. 

Stripping  the  surface  soil. — The  contractor  shall  first  strip  the 
<intire  surface  of  the  reservoir,  both  that  portion  of  the  cut  and  that 
portion  to  be  covered  by  embankment,  of  all  vegetable  matter  and 
surface  soil.  This  stripping  of  the  site  shall  extend  to  a  depth  of  at 
least  8  inches  below  the  surface  and  to  whatever  depth  may  in  the 
judgment  of  the  company  be  required.  The  material  so  stripped 
shall  be  removed  from  the  area  and  placed  in  fire  levees  surrounding 
the  reservoir  site,  or  at  other  points  in  the  vicinity  of  the  reservoir, 
as  directed  by  the  company. 

Oil  and  water  drains. — Two  12-inch  lines  and  one  8-inch  water 
drain  shall  be  placed  beneath  the  embankment,  as  shown  on  Fig. 
163,  at  such  positions  as  shall  be  designated  by  the  company. 

Ditches  for  these  pipes  shall  be  dug  by  the  contractor  imme- 
diately after  the  surface  soil  has  been  stripped.  Pipe  shall  be  furn- 
ished and  laid  by  the  company.  The  contractor,  however,  shall  do 
the  work  of  backfilling  the  ditches,  also  of  placing  the  concrete 
blocks,  as  shown  on  Fig.  163. 

Building  up  the  embankment. — The  area  beneath  the  embank- 
ment shall  be  plowed  by  the  contractor,  thoroughly  harrowed,  and 
moistened  with  water  to  the  satisfaction  of  the  company.  The  em- 
bankment shall  then  be  built  with  material  excavated  from  within 
the  reservoir,  or,  if  need  be,  from  pits  in  the  vicinity  of  the  reservoir. 
The  material  may  be  excavated  and  placed  in  the  embankment  by 
wheel  scrapers,  "fresno"  scrapers  or  wagons.  It  shall,  however,  not 
be  deposited  in  layers  more  than  3  inches  thick,  and  where  neces- 
sary road  machines  shall  be  employed  to  insure  the  proper  spread- 
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ing  of  the  material  in  the  embankment.    Under  no  conditions  shall 
material  be  dumped  onto  the  embankment  and  not  spread. 

All  material  placed  on  the  embankment  shall  be  moistened  with 
water  before  being  loaded  into  the  scrapers  or  wagons,  and  shall 
again  be  moistened  after  being  spread.  Any  excavated  material 
from  within  the  reservoir  that,  in  the  judgment  of  the  company,  is 
not  fit  to  be  placed  in  the  embankment  shall  be  placed  by  the  con- 
tractor at  a  point  outiside  the  reservoir  site,  as  designated  by  the 
company. 

When  the  material  has  been  placed  in  thin  layers  in  the  embank- 
ment and  moistened  as  specified,  it  shall  then  be  tamped  by  at  least 
two  tampers  of  the  sheep's  foot  type.  Each  tamper  shall  be  draivn 
by  a  4-horse  team,  and  shall  be  driven  around  the  top  of  the  fill, 
making  at  least  10  complete  circuits  of  the  reservoir  per  hour. 

Water  for  wetting  material  shall  be  furnished  by  the  company, 
and  shall  be  brought  by  the  company  in  water  mains  surrounding^ 
the  outer  circumference  of  the  reservoir  and  at  a  distance  of  about 
20  feet  of  the  outside  toe  of  the  embankment.  The  contractor  shall 
furnish  and  shall  lay  all  necessary  laterals  from  this  water  main 
into  the  reservoir  site,  and  shall  move  such  laterals  from  time  to 
time  as  may  be  required  by  the  progress  of  the  work. 

Borrow  pits. — Where  necessary,  borrow  pits  shall  be  designated 
by  the  company  in  the  vicinity  of  the  reservoir  site.  The  nearest 
rim  of  such  a  borrow  pit  shall  be  at  a  distance  of  not  less  than  200 
feet  from  the  outer  toe  of  the  reservoir  embankment,  and  the  farth- 
est rim  of  such  a  borrow  pit  shall  be  at  a  distance  not  to  exceed 
400  feet  from  the  toe  of  the  embankment.  If  it  is  necessary  to  lo- 
cate a  borrow  pit  so  that  its  nearest  rim  is  a  greater  distance  than 
GOO  feet  from  the  outer  toe  of  the  embankment,  the  contractor  shall 
receive  extra  compensation  for  the  removal  of  such  material  as 
shall  be  determined  on  at  the  time. 

Rtmways  to  embankkment. — In  the  construction  ofthe  embank- 
ment the  contractor  shall  build  runways  for  the  removal  of  the 
material  from  the  excavation  inside  the  reservoir  to  the  embank- 
ment. These  runways  shall  be  located  by  the  company,  and  shall 
be  spaced  at  a  distance  not  less  than  100  feet  apart.  The  scrapers, 
wagons,  teams,  etc.,  in  carrying  the  dirt  from  the  excavation  to  the 
embankment  shall  be  driven  up  one  runway  and  shall  return  to  the 
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excavation  along  the  top  of  the  embankment  and  down  the  next 
adjacent  runway. 

The  inside  slope. — To  obtain  a  homogenous  and  compact  surface 
to  the  inner  slope  of  the  embankment,  the  inner  slope  shall  be 
built  and  finished  in  the  following  manner.  The  embankment  of  the 
reservoir  shall  first  be  built  up  as  above  provided  in  these  specifica- 
tions. The  excavation  shall  be  so  made  that  the  inner  slope  shall 
be  about  the  width  of  a  wheel  scraper  beyond  the  line  of  the  desired 
finished  slope,  beginning  at  the  bottom  of  the  reservoir  which  shall 
Le  excavated  for  a  distance  of  about  one  foot  below  the  position 
of  the  concrete  lining.  The  inner  slope  shall  then  be  built  up  by 
material  excavated  from  within  the  reservoir,  deposited  by  wheel 
scrapers  in  thin  horizontal  layers,  and  shall  be  moistened  and  thor- 
oughly tamped  by  sheep's  foot  tampers.  This  inner  embankment, 
or  earthen  lining,  shall  be  bound  to  the  original  embankment  and 
slope  by  first  plowing  and  otherwise  roughening  the  original  slope 
and  embankment.  When  this  lining  is  thus  built  up  it  shall  be  al- 
lowed to  stand  for  at  least  3  days  before  being  trimmed  to  grade. 
The  inner  face  of  the  embankment  so  built  up  shall  then  be  trimmed 
to  a  true  and  even  slope  to  conform  with  the  dimensions  of  the 
reservoir  herein  set  forth. 

Top  of  the  embankment. — The  top  of  the  embankment  shall  be 
1>uilt  at  least  2  inches  higher  than  the  finished  top,  and  shall  be 
made  smooth  and  even  and  brought  to  proper  grade. 

Outside  slope. — As  herein  specified,  the  outside  slope  of  the  em- 
bankment shall  be  2  horizontal  to  1  vertical.  It  shall  be  built  up 
•compactly,  and  neatly  finished,  and  upon  completion  shall  be  oiled 
l>y  the  contractor  for  a  distance  of  three  feet  beyond  the  toe  of  the 
embankment.  Oil  shall  be  furnished  by  the  company  on  the  ground 
and  the  contractor  shall  furnish  the  necessary  equipment  for 
sprinkling  the  oil  on  the  embankment. 

Bottom  of  reservoir. — The  bottom  of  the  reser\^oir  shall  be  ex- 
cavated to  a  subgrade  one  foot  below  the  finished  grade.  It  shall 
then  be  thoroughly  plowed,  harrowed,  moistened  and  compacted. 
Suitable  filling  material  shall  then  be  spread  over  it  to  bring  it  up 
to  the  finished  grade.  The  filling  material  shall  be  spread  on  in 
thin  layers  as  specified  for  the  embankment,  and  shall  be  thoroughly 
moistened  and  rolled.  The  roller  used  on  this  work  shall  have  a 
3mooth  surface,  and  shall  weigh  no  less  than  5  tons. 
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Excavations  for  post  footings  and  swing-pipe  pit. — When  the 
bottom  of  the  reservoir  has  been  brought  to  the  proper  grade,  the 
contractor  shall  make  excavations  for  the  concrete  footings  for  the 
posts,  for  the  swing-pipe  pit,  and  for  the  joint  between  the  floor  and 
the  side  slabs  as  designated  by  the  company.  The  contractor  shall 
remove  from  the  inside  of  the  reservoir  all  such  material  excavated. 
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and  shall  place  it  at  positions  designated  by  the  company  or  its 
authorized  representative. 

£xtra  work, — Extra  work  unless  otherwise  st*ited  shall  be  done 
by  force  acocunt,  but  under  no  conditions  shall  extra  work  be  per- 
formed by  the  contractor,  or  paid  for  by  the  company,  without  writ- 
ten authority  from  the  company. 


ROOF 

Nature  of  the  work. — The  work  to  be  done,  under  this  section, 
consists  in  the  erection  of  a  wooden  roof  over  the  reservoir  as  here- 
in specified,  and  in  accordance  with  the  drawings  hereto  attached. 

Material  and  equipment. — The  contractor  shall  supply  all  the 
necessary  material,  equipment  and  labor  for  the  construction  of  the 
roof.  All  such  material  shall  be  the  best  of  its  respective  kind,  and 
shall  be  subject  at  all  times  to  the  inspection  of  the  company  or 
its  duly  authorized  representative.  It  shall  conform  to  the  sizes 
as  designated  on  the  drawings. 

Roof  supports  and  their  piers. — Roof  supports  shall  be  wooden 
posts  8  by  8  inches,  as  designated  on  Figs.  164  and  165.  The 
posts  shall  rest  on  concrete  piers  as  shown  on  the  drawings,  and 
shall  be  centered  by  one  dowel  pin  5/8  inch  by  6  inches,  in  each 
pier.  For  the  convenience  of  the  contractor  piers  may  be  poured 
in  two  sections,  one  pouring  bringing  the  pier  flush  with  the  sur- 
face of  the  ground,  after  which  the  reinforcement  fabric  for  the  bot- 
tom may  be  placed  in  position,  and  the  second  pouring  may  be 
made,  bringing  the  top  of  the  pier  to  the  desired  grade  and  having 
the  floor  fabric  embedded  in  it  at  the  proper  point  so  that  fabric 
may  form  a  continuous  reinforcement  for  the  floor  slabs.  The  tops 
of  the  piers  on  the  bottom  of  the  reservoir  shall  be  on  the  same  plane 
and  they  shall  be  kept  damp  for  at  least  6  days  after  having  been 
poured  before  posts  may  be  erected  on  them. 

Roof  girders. — The  girders  shall  be  of  4-inch  by  14-inch  mate- 
rial, and  of  lengths  as  shown  on  Figs.  164  and  165.  They  shall 
be  fastened  to  the  posts  with  ^-inch  by  18-inch  drift  pins. 
Girders  and  posts  shall  be  fastened  by  braces,  as  shown  on  draw- 
ings, of  2-inch  by  6-inch  material.  Knee  braces  shall  be  bolted  to 
posts  and  girders  by  at  least  two  3/8-inch  carriage  bolts.    Corbels, 
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as  show  non  Fij^.  165,  shall  be  placed  on  top  of  posts  in  rows  of 
2,  3,  4  and  5,  and  shall  be  drifted  through  with  5/8-inch  by  24-inch 
drift  pins,  as  shown. 

Rafters  and  mud  sills. — All  rafters  shall  be  of  2-inch  by  8-inch 
material,  and  of  lengths  as  shown  on  the  drawings.  The  outer  row 
of  the  rafters  shall  rest  on  a  2-inch  by  12-inch  redwood  mud  sill,  as 
shown  on  Fig.  164,  and  shall  be  notched  so  as  to  bear  on  the  full 
width  of  the  mud  sill.  A  line  of  2-inch  by  12-inch  double  bridging 
shall  be  placed  between  the  rafters  in  the  middle  of  each  bay,  with 
the  exception  of  the  bays  on  the  outer  row.  In  the  outer  row  of 
bays  three  lines  of  such  bridging  shall  be  placed  as  directed  by  the 
company.  Bridging  shall  be  nailed  in  position  before  the  sheathing 
is  put  on,  and  two  lOd  nails  shall  be  used  in  the  end  of  each  bridg- 
ing. The  rafters  shall  be  toe-nailed  to  the  girders  with  lOd  nails, 
using  at  least  three  at  each  rafter.  Rafters  that  lap  shall  be  thor- 
oughly spiked  with  20d  spikes,  and  where  joints  abut  shall  be 
spliced  with  2-inch  and  8-inch  material  and  thoroughly  spiked.  The 
space  between  rafters  at  the  embankment  shall  be  completely  closed 
by  2-inch  by  8-inch  material. 

Sheathing. — The  roof  shall  be  sheathed  with  1-inch  by  8-inch 
sheathing  surfaced  on  one  side,  furnished  in  assorted  lengths  from 
8  feet  to  16  feet.  Sheathing  to  be  No.  1  material,  free  from  knots, 
pitch  pockets,  or  shakes.  The  roof  shall  be  laid,  as  shown  on  Fig. 
165  to  break  joints  with  roof  paper. 

Before  the  sheathing  is  laid  the  top  rafters  shall  be  trimmed  off 
with  adzes  where  necessary  to  insure  that  sheathing  will  rest  se- 
curely on  each  rafter  and  will  lie  smooth  and  flat.  A  space  of  ap- 
proximately 3/8-inch  shall  be  left  between  each  board  to  allow  for 
swelling  and  shrinkage.  Fach  board  shall  be  nailed  with  at  least 
three  8d  penny  nails  on  each  rafter.  All  the  roof  supports  and  the 
sheathing,  with  the  exception  of  a  ring  approximately  10  feet  in 
width  around  the  circumference  of  reservoir,  necessary  for  handling 
the  concrete  materials,  shall  be  placed  in  position  before  any  of  the 
concrete  material  other  than  the  posts  footings  shall  be  poured. 

Ventilator,  ladders,  walk,  hatch,  etc. — One  ventilator,  as  shown 
on  Fig.  165  shall  be  constructed  on  the  roof  at  the  center  of  the 
leservoir.  Contractor  shall  also  place  a  stairway  from  the  bottom  of 
the  stairway  to  the  top  of  the  inside  as  designated  on  Fig.  163 
and  one  stairway  from  the  outside  toe  of  the  slope  to  the  top  of  the 
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embankment,  to  be  located  in  the  field  by  the  company.  A  wooden 
walk  way  shall  be  constructed  by  the  contractor  from  the  edge  of 
the  roof  to  the  center,  having  branches  to  the  winch  boxes.  This 
wooden  walk  way  shall  be  composed  of  2-inch  by  4-inch  stringers, 
and  by  2-inch  by  8-inch  planks  2  feet  wide,  laid  with  intervening 
spaces  of  about  j4-inch.  The  roof  of  the  tank  is  also  to  be  equipped 
with  a  properly  constructed  hatch  place  at  the  head  of  the  stairway 
as  shown  on  Fig.  163. 

Nails — The  contractor  shall  furnish  all  nails  required  in  the 
work,  to  be  of  sizes  as  designated  in  the  specifications  and  drawings. 

Roofing  paper. — When  the  woodwork  of  the  roof  has  been  com- 
pleted, before  any  roofing  paper  shall  be  placed  in  position,  the 
sheathing  shall  be  thoroughly  swept  and  cleaned  of  all  sawdust, 
dirt,  chips,  shavings,  or  other  material,  particular  care  being  taken 
that  no  nails  are  left  lying  on,  or  partly  imbedded  in,  the  roof.  All 
loose  or  projecting  knots  shall  be  removed,  and  knot  holes  exceeding 
t  inch  in  diameter  shall  be  covered  with  tin  plates  securely  nailed 
on.  The  sheathing  shall  then  be  covered  and  made  water-tight  by 
placing  the  layer  of  3-ply  roofing  paper  of  a  quality  to  be  approved 
by  the  company  or  its  duly  authorized  representative.  This  paper 
shall  be  laid  in  accordance  with  Fig.  165.  Laps  of  paper  shall  be 
thoroughly  cemented  together  and  then  nailed  with  No.  12  roofing 
nails,  the  maximum  spacing  between  nails  to  be  lj4-inches. 

After  the  roofing  has  been  laid  in  place,  no  unnecessary  material 
of  any  sort  shall  be  wheeled  or  carried  over  it,  or  stored  upon  it, 
and  as  little  walking  as  possible  shall  be  done  upon  it. 

Asphalt  and  gravel  coating. — When  the  roofing  has  been  placed 
in  position  as  above  specified,  a  heavy  coating  of  hot  ashphalt,  at 
least  3J4  pounds  per  square  yard  being  used,  and  a  coating  of  hot 
gravel  shall  immediately  be  applied  to  the  ashphalt.  As  much 
gravel  shall  be  used  as  is  held  by  the  ashphalt.  After  cooling,  the 
excess  loose  gravel  shall  be  removed.  Particular  care  must  be  taken 
that  hot  gravel  is  applied  to  hot  ashphaltum,  and  that  a  thorough 
bond  is  made  between  the  gravel  and  the  ashphalt.  If  such  a  bond 
is  not  made  in  any  part  of  the  covering,  the  contractor  shall  remove 
that  part,  in<4iiding  the  roof  paper,  and  shall  replace  it  to  the  sat- 
isfaction of  the  company. 

Roofing  gravel. — The  roofing  gravel  shall  be  furnished  by  the 
contractor.    It  shall  be  composed  of  pebbles  rejected  by  a  screen 
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having  3/32-inch  openings  and  passing  through  a  screen  having 
5/16-inch  openings.  Gravel  shall  at  all  times  be  subjeci  to  inspec- 
tion by  the  company  or  its  duly  authorized  representative. 

Winch  box. — The  contractor  shall  install  on  the  roof  of  the  com- 
pleted tank,  as  directed  by  the  engineer,  two  standard  iron  winch 
boxes  which  will  be  furnished  on  the  ground  by  the  company. 

Drains  and  gutters. — Gutters  shall  be  constructed  entirely 
around  the  outer  edge  of  the  roof,  as  shown  on  Fig.  165.  The 
drains  from  these  gutters  and  downspouts  leading  from  the  outer 
slope  of  the  embankment  shall  be  constructed  as  shown  on  Fig"s. 
164  and  165.  The  galvanized  iron  drains  shall  be  furnished  by 
the  contractor  and  shall  be  of  No.  24  gage  iron.  The  openings 
from  the  gutters  to  the  downspouts  shall  be  thoroughly  and  care- 
fully flashed  with  roofing  paper,,  and  all  joints  shall  be  covered  with 
hot  ashphaltic  cement  so  as  to  make  a  water-tight  job.  All  drains 
leading  down  the  slope  of  the  embankment  shall  be  constructed  of 
wood,  as  per  detail  drawing,  and  shall  extend  at  least  10  feet  beyond 
the  toe  of  the  slope. 

Cleaning  up. — Upon  completion  of  the  roof,  the  bottom  of  the 
tank  and  the  inside  slopes  shall  be  thoroughly  cleaned  of  all  small 
pieces  of  wood,  roofing  paper,  nails,  refuse,  eac,  which  shall  be  dis- 
posed by  the  contractor  as  directed  by  the  company. 


CONCRETE 

• 

Nature  of  the  work. — The  work  to  be  done  by  the  contractor 
under  this  section  consists  of  constructing  upon  the  sides  and  bot- 
tom of  the  reservoir,  in  a  thoroughly  workmanlike  manner,  a  lining 
of  concrete  3  inches  in  thickness,  reinforced  with  metallic  fabric 
as  hereinafter  specified,  and  so  carefully  poured  and  compacted  as 
to  be  nearly  as  possible  water-tight.  Under  no  conditions  shall 
any  of  the  concrete  for  the  sides  or  floor  be  poured  until  the  frame- 
work and  sheathing  of  the  roof,  with  the  exception  of  the  10-foot 
strip  around  the  circumference  of  the  reservoir  as  hereinafter  speci- 
fied, shall  have  been  erected.  The  piers  for  roof  supports  must,  of 
course,  be  constructed  before  theh  erection  of  the  i  ^£. 

Materials,  labor,  tools,  etc. — The  contractor  shall  furnish  ?ill  ma- 
terials, labor,  tools,  inixers,  barrows,  carts,  cars,  skips,  engines, 
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teams,  wagons,  etc.,  and  any  and  all  other  tools  and  equipment 
necessary  to  perform  the  work  as  herein  described. 

Cement. — A  good  grade  of  Portland  cement  satisfactory  to  the 
company  or  its  duly  authorized  representative  shall  be  furnished 
by  the  contractor.  Cement  may  be  supplied  either  in  sacks  or  in 
barrels,  at  the  option  of  the  contractor.  It  shall,  at  all  times  be 
subject  to  the  inspection  of  the  company,  the  company  reserving 
the  right  to  reject  any  and  all  cement  that  test  shows  to  be  not  up 
to  requirements. 

Sand. — The  contractor  shall  furnish  the  necessary  sand  for  the 
contract,  the  sand  must  be  clean  and  sharp  and  free  from  earth, 
clay,  gypsum,  mica,  or  other  injurious  material. 

Rock. — Crushed  rock  shall  be  fuf^iished  bv  the  contractor  in 
sizes  as  follows : 

One-half  inch  rock,  which  shall  be  retained  on  a  J4"inch  mesh 
screen,  and  shall  pass  through  a  J^-inch  mesh  screen. 

One-inch  rock,  which  shall  be  retained  on  a  j4-inch  mesh  screen, 
and  shall  pass  through  a  1-inch  mesh  screen. 

It  shall  be  of  a  quality  approved  by  the  company,  and  shall  con- 
tain no  clay  or  earthy  substances  or  volcanic  ash. 

Reinforcing  material. — The  reinforcing  material  used  on  the 
bottom  and  sides  of  the  tank  shall  be  welded  metal  fabric,  having  a 
4-inch  by  4-inch  mesh,  and  composed  of  No.  6  gage  wire  both  ways. 
The  fabric  shall  be  furnished  in  rolls  86  inches  in  width  and  approx- 
imately 240  feet  long.  The  contractor  shall  supply,  cut  and  shape 
the  reinforcing  fabric. 

Water  for  concrete. — The  water  for  concrete  shall  be  furnished 
by  the  company  and  shall  be  supplied  through  the  water  mains  sur- 
rounding the  outer  circumference  of  the  reservoir.  The  contractor 
shall  furnish  and  lay  all  necessary  laterals  from  these  water  mains 
to  the  various  positions  along  the  edge  of  the  reservoirs  where  he 
may  have  his  concrete  mixers  in  operation. 

Preparation  of  the  reservoir  for  concrete. — ^The  final  prepara- 
tion for  the  pouring  of  the  concrete  shall  be  made  by  carefully  bring- 
ing all  parts  of  the  bottom  and  the  inside  of  the  reservoir  to  the 
finished  grade.  The  contractor  shall  also  at  this  time  excavate  for 
the  joint  at  the  toe  of  the  slope  and  shall  remove  all  material  so 
excavated,  together  with  all  material  taken  off  in  finishing  to  exact 
grades  from  the  inside  of  the  reservoir. 
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Placing  reinforcement. — All  reinforcement  fabric  for  the  bottom 
of  the  reservoir  shall  be  laid  before  the  roof  is  put  in  place,  and 
must  extend  continuously  alonjj  the  bottom  and  sides  of  the  reser- 
voir through  the  foundation  piers  for  the  posts.  Longitudinal 
splices  shall  be  lapped  at  least  one  mesh  and  shall  be  wired  together 
with  No.  16  gage  annealed  iron  wire  to  be  furnished  by  the  con- 
tractor. All  reinforcement  must  be  properly  stretched  and  allowed 
to  lie  flat.  Transverse  splices  in  reinforcement  shall  lap  24  inches. 
When  the  reinforcement  is  in  place,  and  before  pouring  is  begun, 
care  must  be  taken  that  all  stakes,  pins,  bolts,  etc.,  used  in  laying 
and  stretching  the  fabric  are  removed.  The  fabric  must  be  so 
placed  over  the  entire  area  that  it  can  readily  be  pulled  into  posi- 
tion in  the  center  of  the  concrete  slab  as  the  pouring  progresses. 

Joint  at  toe  of  slope. — A  wooden  joint  1  by  6-inch  of  concrete 
material  shall  be  placed  in  the  concrete  at  the  toe  of  the  slope  inside 
the  reservoir,  as  shown  in  detail  on  Fig.  163.  The  metal  fabric 
laid  upon  the  slope  and  the  bottom  of  the  reservoir  shall  pass 
through  the  wooden  frame  at  the  joint,  as  shown  on  the  drawing, 
and  shall  be  so  laid  as  to  form  a  continuous  reinforcement,  tying 
sides  and  bottom  together. 

Proportioning  concrete  material. — The  concrete  for  the  bottom 
of  the  reservoir  and  for  the  piers  supporting  the  roof  shall  be  com- 
posed of  one  part  Portland  cement,  two  and  one-half  parts  sand, 
two  parts  of  one-half  inch  crushed  rock,  and  two  and  one-half  parts 
of  one-inch  crushed  rock.  The  concrete  for  the  sides  of  theh  reser- 
voir shall  be  composed  of  one  part  of  Portland  cement,  two  and  one- 
half  parts  of  sand,  and  two  parts  of  one-half  inch  crushed  rock. 
The  proportions  of  the  various  materials  shall  be  very  carefully 
measured  at  all  times  by  the  contractor.  The  company,  however, 
reserves  the  right  to  change  from  this  proportion  as  it  sees  fit,  and 
no  such  changes  shall  in  any  way  be  construed  to  aflfect  the  contract 
price. 

Mixing  and  pouring  concrete. — The  bottom  of  the  reservoir  and 
the  side  slopes  shall  be  thoroughly  wetted  before  any  concrete  ma- 
terial is  poured  on  them.  In  sprinkling,  however,  the  contractor 
shall  see  that  no  reinforcing  fabric  becomes  soiled  or  muddy ;  and  if 
any  dirt  does  adhere  to  the  fabric  it  shall  be  thoroug^hlv  removed 
before  any  concrete  material  is  poured  on  it.  The  mixing  shall  be 
done  in  batch  mixers  of  a  form  and  type  approved  by  the  company. 
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No  more  water  shall  be  added  to  the  material  than  is  absolutely 
necessary  to  cause  the  concrete  to  spread  properly  over  the  area  to 
be  covered.  On  both  the  floor  and  the  side  slopes  a  layer  of  con- 
crete approximately  IJ^-inches  thick  shall  first  be  poured.  The  re- 
inforcing material  shall  then  be  drawn  up  through  the  concrete  and 
allowed  to  rest  on  top  of  it.  As  soon  as  the  fabric  has  been  drawn 
up,  and  before  the  first  layer  has  been  allowed  to  set,  a  second  layer 
shall  be  immediately  poured,  bringing  the  slab  up  to  the  required 
thickness.  When  the  pouring  has  been  completed,  the  surface  of 
the  concrete  must  be  immediately  tamped  with  wooden  tamper;* 
and  then  finished  smooth  and  close-grained  by  troweling.  The 
contractor  must  at  all  times  exercise  especial  care  that  the  position 
of  the  wire  fabric  is  as  near  as  possible  the  center  of  the  slab.  He 
must  also  furnish  men  experienced  in  troweling  and  floating  the 
surface  of  the  concrete,  in  order  that  it  may  be  made  as  nearly 
waterproof  as  possible. 

Joints  in  concrete. — Upon  the  completion  of  a  day's  pouring  the 
edges  of  concrete  slabs  shall  be  roughly  beveled  off.  When  work 
is  resumed  this  beveled  edge  shall  be  thoroughly  cleaned,  dampened 
and  well  brushed  with  neat-cement  grout  before  the  next  section 
of  concrete  is  poured. 

Sprinkling  finished  work. — The  contractor  shall  keep  all  of  the 
finished  concrete  moistened  as  directed  by  the  company  until  the 
completion  and  acceptance  of  the  reservoir  by  the  company. 

Grouting. — Should  small  shrinkage  cracks  appear  in  any  part  of 
the  floor  or  slopes  at  any  time  during  the  concreting,  they  shall  be 
filled  with  a  cement  grout  as  directed  by  the  company.  After  the 
concrete  has  been  allowed  to  stand  for  a  period  of  20  days,  both  the 
floor  and  the  slopes  shall  be  grouted  with  cement  wash  of  a  pro- 
portion to  be  determined  by  the  company  or  its  duly  authorized 
representative. 

Design  and  Construction  of  Concrete  Fuel  Oil  Tanks* 

The  reservoir  should  be  located  a  safe  distance  from  inflam- 
mable structures  as  far  as  possible  consistent  with  pumping  require- 
ments. If  near  buildings  it  should  be  covered  with  at  least  18  inches 
of  earth,  to  decrease  fire  hazards  and  also  to  minimize  oil  evapora- 
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tion.  If  distant  from  buildings,  it  should  be  at  least  half  under- 
ground, and,  if  possible,  the  excavated  material  should  be  used  in 
banking  up  around  it. 

The  reservoir  should  be  limited  in  size  for  two  reasons :  First, 
the  necessity  for  not  exceeding  a  day's  working  limit  in  operation 
of  pouring  concrete  so  that  joints  between  operations  may  be  elim- 
inated, and  second,  so  that  in  case  of  an  accident  or  fire  in  any 
reservoir  too  much  oil  in  storage  will  not  be  involved.  This  size 
limit  should  not  be  over  300,000  gallons  under  most  conditions. 

Reservoirs  should  be  circular  in  shape,  the  better  and  more  di- 
rectly to  take  care  of  involved  stresses  and  to  avert  danger  of  tensile 
or  temperature  cracks.  They  should  be  so  proportioned  and  de- 
signed as  to  limit  the  number  of  pouring  operations  of  concrete,  in 
order  to  avoid  joints  between  the  operations. 

Care  should  be  taken  to  provide  for  all  exterior  stresses,  such  as 
hydrostatic  pressure  from  groundwater,  earth  pressure  on  walls, 
and  roof  if  reservoir  is  buried,  and  also  to  avoid  as  far  as  possible 
concentration  of  loads  on  walls  or  footings.  Where  joints  are  ab- 
solutely necessary  they  should  be  so  protected  that  there  will  be  no 
leakage  through  them.  Regarding  hydrostatic  pressure,  while  en- 
ginners  have  found  from  tests  that  this  pressure  in  soils  is  only 
about  50  per  cent  of  the  full  head  of  water,  it  is  not  safe  to  design 
for  stresses  less  than  the  full  head,  as  any  deflection  in  the  concrete 
admitting  a  film  of  water  between  the  earth  and  the  concrete  will 
produce  the  full  hydrostatic  pressure. 

Concrete  surfaces  must  be  temporarily  or  permanently  protect- 
ed so  that  oil  will  not  come  in  immediate  contact  with  them  if  the 
concrete  is  less  than  six  weeks  old. 

Falsework  must  be  designed  to  hold  concrete  temporarily  in 
place  so  that  it  will  not  tail  or  be  distorted  while  placing  concrete. 
It  is  especially  necessary  to  provide  for  the  firm  holding  of  wall 
forms,  as  tlic  pressure  of  several  feet  of  concrete  poured  quickly 
as  a  monolith  is  intense,  and  any  "give"  of  the  forms  after  the  con- 
crete has  obtained  its  initial  set  breaks  up  the  crystals  already 
formed  and  allows  expansion  of  the  concrete  mass,  with  resultant 
porosity  and  loss  of  strength. 

Concrete  must  be  so  designed  that  it  will  resist  all  exterior 
stresses  to  which  it  is  subjected  and  so  that  it  will  be  oilproof.  One 
of  the  principal  features  of  this  design  is  to  make  the  walls  of  cir- 
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cular  reservoirs  in  tension  sufficiently  thick  so  that  the  ultimate 
strength  of  the  concrete  in  tension  will  not  be  exceeded.  It  is  not 
meant  to  leave  out  the  steel  reinforcement  so  that  the  stress  will 
theoretically  be  borne  by  the  concrete,  but  nevertheless  it  will  be 
borne  by  it  unless  some  unforeseen  weakening  of  the  concrete 
should  throw  it  upon  the  steel. 

An  extended  investigation,  by  the  writer,  on  high  circular  con- 
crete standpipes  for  water  showed  that  if  the  concrete  in  the  wall 
was  stressed  beyond  its  elastic  limit,  or  ultimate  strength,  vertical 
air  cracks  will  appear  of  sufficient  width  to  admit  water  into  the 
body  of  the  concrete.  This  ultimate  tensile  strength  in  a  1 :1  J4  :3 
concrete  from  tests  made  forth e  writer  at  the  Watertown  Arsenal 
was  203  pounds  per  square  inch.  Where  the  concrete  is  in  large 
sectional  areas,  and  reinforced,  this  tensile  strength  will  probably 
be  somewhat  higher.  If  a  stress  not  exceeding  150  pounds  per 
square  inch  is  allowed  in  tension  there  will  be  no  danger  of  these 
vertical  cracks  appearing. 

Reinforcement  must  be  so  designed  that  it  will  take  care  of  all 
interior  and  exterior  stresses,  and  with  fittings  to  hold  it  rigidly  in 
place  while  the  concrete  is  being  poured.  Steel  in  tension  in  walls 
should  not  be  stressed  over  10,000  pounds  per  square  inch  to  con- 
form with  insurance  company  requirements.  The  writer  does  not 
think  that  it  is  necessary  to  figure  the  stress  as  low  as  this,  under 
usual  conditions,  as  he  has  satisfactorily  constructed  many  reser- 
voirs using  a  stress  of  14,000  pounds.  But  the  lower  stress  is  an 
additional  safeguard  against  inferior  workmanship  by  inexperienced 
contractors  and  against  any  decrease  in  bond  strength  due  to  oil 
penetration  of  concrete.  It  is  probably  unwise  to  depart  radically 
from  insurance  company  recommendations.  All  reinforcing  rods 
in  concrete  exposed  to  oil  should  be  of  a  deformed  section,  for  better 
bonding  value. 

For  other  parts  of  the  reservoir  the  recommendations  of  the 
Joint  Committee  on  Concrete  and  Reinforced  Concrete  should  be 
followed. 

The  concrete  should  be  no  leaner  than  a  mix  composed  of  one 
part  of  cement,  lyi  parts  sand  and  3  parts  broken  stone  or  gravel. 
To  this  mix  should  be  added  a  "densifier."  Hydrated  lime  has  been 
found  economical  and  satisfactory  for  this  purpose,  using  10  pounds 
of  dry  lime  to  each  bag  of  cement.    The  stone  must  be  hard  and 
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clean,  the  best  material  being  traprock,  granite  or  gravel.  The  sand 
must  be  free  from  any  deleterious  matter,  and  should  be  well  graded. 
Cenient  should  be  of  an  established  quality. 

The  concrete  should  be  deposited  continuously  in  concentric 
Jayers  not  over  12  inches  deep  in  any  one  place.  No  break  in  time 
over  30  minutes  is  permissible  in  depositing  concrete  during  any 
one  operation,  and  if  any  delay  occurs  amounting  to  30  minutes  or 
more  the  previous  surface  must  be  thoroughly  chopped  up  with 
spades  before  the  next  layer  of  concrete  is  deposited. 

The  different  operations  in  pouring  are :  (1)  The  pouring  of  the 
floor  and  footings;  (2)  the  pouring  of  the  entire  walls;  (3)  the 
pouring  of  the  roof.  In  small  reservoirs  the  wall  forms  may  be 
suported  to  the  footings,  floor  and  wall  may  be  poured  in  one  con- 
tinuous operation.  An  approved  joint  or  dam  must  be  made  be- 
tween the  floor  and  the  wall. 

Concrete  should  be  jnixed  by  a  mixing  plant  of  sufficient  size 
and  power  to  carry  out  each  separate  prearranged  operation  with- 
out danger  of  delay  during  the  process.  The  materials  should  be 
mixed  at  least  two  minutes  in  the  mixer,  using  just  enough  water 
to  obtain  a  plastic  mix  without  excess  water  coming  to  the  surface 
after  the  concrete  is  deposited,  and  a  measuring  tank  should  be  used 
so  that  the  amount  of  water  may  be  kept  uniform. 

The  concrete  when  deposited  in  forms  should  be  well  spaded 
by  at  least  four  competent  laborers  who  are  not  afraid  to  use  their 
muscle  in  compacting  the  concrete  thoroughly  and  working  out  the 
trapped  air  bubbles. 

Reinforcement  should  be  of  round  deformed  medium  steel  bars. 
These  bars  should  be  bent  or  curved  true  to  templets  carefully 
placed  in  their  predesigned  location,  and  rigidly  maintained  there 
by  mechanical  means.  No  laps  should  be  less  than  40  diameters 
and  no  two  laps  of  adjacent  rods  should  be  directly  opposite  each 
other. 

The  forms  should  be  of  good  material,  strongly  made  and  so 
braced,  or  held  in  place  by  circumferential  bands,  that  no  distortion 
allowing  displacement  of  concrete  during  its  initial  set  is  possible. 

The  surface  of  the  floor  should  be  troweled  smooth  as  soon  as 
it  can  be  properly  done. 

Concrete  designed  and  placed  as  recommended  herein  is  prac- 
tically oil-tight,  but  as  oils  arc  somewhat  detrimental  to  fresh  con- 
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Crete  it  is  advisable  to  put  on  an  interior  wash  or  coating  to  protect 
the  fresh  concrete  from  the  action  of  the  oil,  for  such  a  time  as  may 
be  necessary  for  it  to  cure  and  harden  sufficiently.  Silicate  of  soda, 
while  not  a  permanent  coating,  has  been  used  satisfactorily  for  this 
purpose  according  to  the  following  specification  for  oil-proofing : 

The  surface  of  the  floor  and  the  interior  surface  ofthe  wall  are 
to  be  coated  with  silicate  of  soda  of  a  consistency  of  40°  B.,  and 
applied  as  follows : 

First  coat — One  part  of  silicate  of  soda  and  three  parts  water, 
applied  with  brush,  and  all  excess  liquid  wiped  off  with  cloth  be- 
fore drying. 

Second  coat — One  part  of  silicate  of  soda  and  two  parts  water 
applied  as  above. 

Third  coat — One  part  silicate  of  soda  and  one  part  water,  applied 
with  brush  and  allowed  to  dry. 

Fourth  coat — Applied  same  as  third. 


FIRE  HAZARDS  AND  PRECAUTIONS  ABOUT 

TANK  FARMS* 

Tank  construction. — All  tanks  about  tank  farms  and  refineries 
should  be  of  steel  construction  throughout,  with  gas-tight  roofs  on 
«teel  roof  supports.  Tank  stairways  should  also  be  of  steel.  Gage 
holes  should  be  fitted  with  light  iron  caps,  which  can  be  screwed 
down  and  will  prevent  the  escape  of  gas.  Swing  pipe  lines  should 
pass  through  stuffing  boxes.  These  boxes  should  be  kept  at  all 
times  in  gas-tight  condition.  A  vent  pipe  of  proper  size  should  lead 
from  a  point  near  the  apex  of  the  roof  down  the  side  of  the  tank, 
and  thence  underground  on  a  true  gradient  to  a  point  outside  the 
fire  levee,  where  it  should  terminate  in  a  vertical  standpipe  at  least 
20  feet  high.  This  pipe  should  be  so  laid  that  the  lowest  point  is 
the  bottom  of  the  standpipe,  where  a  small  drain  should  be  pro- 
vided to  remove. any  possible  accumulation  of  water  or  condensate 
from  the  gases.  A  tee  having  each  run  closed  with  a  fine  meshed 
wire  gauze,  should  be  "bull-headed"  into  the  top  of  the  standpipe. 

As  has  been  previously  mentioned,  an  arrangement  whereby 
gases  from  vent  pipes  would  be  passed  through  an  absorber  con- 
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denser  or  otherwise  profitably  utilized  would  be  far  better  than 
releasing  the  gases  to  the  atmosphere. 

Pipe  lines. — Pipe  lines  connecting  storage  tanks  should  be  un- 
derground for  at  least  part  of  the  distance,  or  otherwise  thoroughly 
grounded.  The  writer  has  been  unable  to  find  any  instance  where 
a  tank  has  been  ignited  from  lightning  following  exposed  piping, 
but  such  a  condition  might  easily  exist.  Therefore  it  is  a  wise  pre- 
caution to  bury  the  pipes  in  the  ground,  or  in  some  localities,  even 
placing  insulating  joints  in  them. 

Loading  stations. — Fires  are  said  to  have  been  caused  at  loading 
stations,  where  ships  discharge  or  take  on  oil,  through  electrical 
sparks  formed  when  connection  to  the  ship  was  being  made  or 
broken.  The  writer  has  been  unable  to  find  any  instance  where  the 
origin  of  the  fire  was  actually  traced  to  this  cause,  but  it  is  quite 
possible  that  fires  could  be  started  in  this  way,  especially  where  the 
pipe  lines  leading  from  the  wharves  pass  near  power  lines,  electric 
railways,  etc.  Most  companies  ground  their  loading  pipes  at  the 
wharf.  This  is  done  by  soldering  a  copper  wire  to  the  pipe;  the 
other  end  of  the  wire  is  attached  to  a  copper  plate,  which  is  sunk  in 
the  mud  beneath  the  water. 

Suction  pipes. — All  tanks  should  be  provided  with  large  suction 
pipes  so  that  in  case  of  fire  as  much  oil  as  possible  can  be  removed 
to  other  tanks  or  reservoirs.  Tanks  containing  crude  oil  should 
also  be  provided  w'ith  bottom  drains,  connected  with  pipes  dis- 
charging at  a  safe  distance  from  the  tank.  As  the  tank  burns, 
these  drains  should  be  kept  open  to  remove  the  water  that  settles 
from  the  oil.  This  precaution  is  very  important,  as  a  small  amount 
of  water  in  the  bottom  of  a  tank  when  converted  into  steam  will 
cause  the  tank  to  boil  over  violently  and  the  blazing  froth  may  be 
carried  by  the  wind  along  the  ground  and  over  the  top  of  the  fire 
levees,  spreading  the  fire  to  other  tanks  or  structures. 

Levees. — Where  possible,  tanks  should  be  surrounded  with  a 
dike  or  levee  of  sufficient  height  to  hold  one  and  a  half  times  the 
capacity  of  the  tank.  Each  tank  having  a  capacity  of  5,000  barrels 
or  more,  which  is  used  for  the  storage  of  oil,  should  be  placed  at 
least  300  feet,  measured  from  shell  to  shell,  from  any  other  tank, 
and  at  least  150  feet  from  derricks,  buildings  or  other  inflammable 
structures. 
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For  a  distance  of  at  least  150  feet  from  the  tank  the  ground 
should  be  kept  free  from  weeds,  grass  and  rubbish. 

Lightning  rods. — The  writer  has  made  many  inquiries  among 
operators  regarding  the  use  of  lightning  rods,  but  has  been  unable 
to  find  any  instances  where  there  is  proof  that  their  use  has  pre- 
vented a  tank  or  other  structure  from  being  struck.  The  fact  that 
they  present  a  line  of  least  resistance  for  electricity  to  pass  from  a 
rain  cloud  into  the  ground  might  prove  a  serious  menace  to  the 
structures  upon  which  they  are  placed  because  of  the  enormous 
voltage  they  might  be  required  to  carry. 


HEATING  COILS  FOR  FUEL  OIL  STORAGE  TANKS 

Let  F  =  Number  square  feet  of  heating  surface  required  per  barrel. 
W  =  Weight  of  oil  per  barrel, 
s    =  Specific  heat  of  oil. 
t    =  Required  difference  in  temperature, 
h    =  Number  hours  desired  to  obtain  given  temperature. 
B  =  Number  of  B.  T.'  U.  transmitted  per  square  foot  per  hour 
at  100  pounds  steam  pressure. 


Then  F  = 

Wst 
Bh 

Constants 

are: 

W  = 
s    = 
B  - 

Then 

F  =  . 

=      343  lbs.  per  barrel, 
0.498 
1170  (Johns-Manville 

343x.498xt 

12**  Baume  oil. 
Tests  quoted  in 

Marks) 

1170  xh 
F  =  .146  X  t 


Hence  the  number  of  feet  of  heating  cdils  depends  upon  the 
range  of  temperature  necessary  and  the  time  in  which  the  change 
of  temperature  must  be  made. 

Based  upon  this  formula,  the  amount  of  heating  surface  to  be 
placed  in  a  given  tank  should  be  governed  by  the  following  con- 
siderations. As  the  end  of  the  suction  pipe  should  always  be 
placed  close  to  the  bottom  of  the  tank,  it  is  necessary  to  provide 
coils  sufficient  to  heat  only  that  part  of  the  volume  near  the  bot- 


498  PETROLEUM  PRODUCTION  METHODS 

torn,  say  the  first  12  inches.  Then  the  shape  of  the  tank  will  de- 
termine the  amount  of  coils  to  be  placed. 

For  example,  in  a  standard  55,000  barrel  cylindrical  tank  30  feet 
high,  coils  must  be  placed  for  approximately  1800  barrels.  A  30,000 
barrel  rectangular  concrete  tank  12  feet  deep  will  require  heating^ 
surface  for  2500  barrels. 

As  the  amount  of  pipe  placed  is  directly  proportioned  to  the 
time  in  which  the  raise  of  temperature  is  required,  it  would  be  found 
economical  in  large  tanks  to  place  a  separate  coil  very  near  to  the 
end  of  the  suction  pipe,  of  sufficient  area  to  heat  a  small  amount  of 
oil  very  rapidly,  the  balance  of  coils  provided  upon  a  basis  of  such 
longer  time  sufficient  to  heat  the  whole  volume. 

Consider  the  30,000  barrel  tank  mentioned  above,  500  feet  of 
2-inch  pipe  placed  as  a  "suction  coil,"  would  raise  the  temperature 
of  30  barrels  of  oil  80  degrees  in  one  hour's  time 


(-^) 


Allowing  10  hours  to  the  2500  barrels  in  the  first  12  inches  of  this 
tank. 

.146  X  80  X  2500 

F  =-- =  2920  sq.  ft. 

10 

If  2-inch  pipe  were  used,  4670  feet  would  have  to  be  placed  as 
main  coils.  It  would  be  advisable  to  separate  these  later  into  two 
units,  with  individual  intake  and  discharge  connections. 


CHAPTER  VIII. 


TABLES  AND  USEFUL  INFORMATION 


MEASUREMENT  OF  FLOW  OF  NATURAL  GAS  WELLS* 

Using  the  pilot  tube. — The  most  accurate  way  of  testing  the 
flow  of  a  gas  well  is  by  means  of  the  pitot  tube.  This  is  an  instru- 
ment for  determining  the  velocity  of  flowing  gas  by  means  of  its 
momentum.  It  usually  consists  of  a  small  tube,  one  end  bent  at 
right  angles,  which  is  inserted  in  the  flowing  gas,  just  inside  the 
pipe  or  tubing  and  between  one-third  and  one-fourth  of  the  pipe's 
diameter  from  the  outer  edge.  The  plane  of  the  opening  in  the 
tube  is  held  at  right  angles  to  the  flowing  gas.  At  a  convenient 
distance,  varying  from  one  to  two  feet,  an  in  verted  siphon  or  U- 
shaped  gauge  is  attached  to  the  other  end,  which  is  usually  half 
filled  with  mercury  or  water.  If  the  flow  is  over  five  pounds  to  the 
square  inch  a  pressure  gauge  is  required. 

In  small  sized  wells  of  not  over  4,000,000  feet,  a  12-inch  U  gauge 
with  water  can  be  used.  In  wells  from  4,000,000  to  15,000,000  feet, 
use  mercury  in  a  12-inch  gauge,  from  15,000,000  to  35,000,000  feet 
use  a  50-pound  spring  gauge.  Above  35,000,000  feet  use  a  100- 
pound  spring  gauge.  These  foregoing  figures  are  all  based  on  a  6- 
inch  hole. 

For  convenience,  a  scale  graduated  from  the  center  in  inches 
and  tenths  is  attached  between  the  two  limbs  of  the  U-gauge.  The 
distance  above  and  below  this  center  line  at  which  the  liquid  stands 
in  the  gauge  should  be  added,  the  object  being  to  determine  the 
exact  distance  between  the  high  and  the  low  side  of  the  fluid  in 
inches  and  tenths  of  inches. 

The  top  of  tubing  should  be  free  from  fittings  for  a  distance  of 
ten  feet  below  the  mouth  of  the  well  where  the  test  is  made.  The 
test  should  not  be  made  in  a  collar  or  gate  or  at  the  mouth  of  any 

'From  Westcott's  Handbook  of  Natural  Gas. 
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fitting.    The  well  should  be  blown  off  for  at  least  three  hours  prior 
to  making  the  test. 

Having  ascertained  the  velocity  pressure  of  the  gas  flowing  from 
the  well  in  inches  of  water,  inches  of  mercury  or  pounds  per  square 
inch,  as  outlined  above,  the  corresponding  flow  is  given  in  the  fol- 
lowing table.  The  quantities  of  gas  stated  in  the  table  are  based 
on  4-ounce  pressure  or  14.65  pounds  per  square  inch  absolute,  60 
degrees  Fahr.,  flowing  temperature,  60  degrees  Fahr.,  storage  tem- 
perature, and  0.6  specific  gravity  (air  being  1.00).  If  the  specific 
gravity  is  other  than  0.6  the  flow  should  be  multiplied  by 


v^ 


0.6 


sp.  gr.  of  ^s 


For  flowing  temperature  above  or  below  60°  F.,  deduct  or  add  1 
per  cent  for  each  10  degrees,  respectively. 


Pitot  Tube  Table  for  the  Testing  of  Gas  Wells 

Discharge  of  gas  of  0.6  specific  gravity  from  gas  well  tubing  of  different  sixes 

in  twenty-four  hours 

(By  F.  H.  Oliphant) 


Pressure 

Discharge  in 

Cubic  Feet 

Inches 

Inches  of 

Lbs. 

1-inch 

2-inch 

3- inch 

4- inch 

of  water 

Mercury 

sq.  inch 

Tubing 

Tubing 

Tubing 

Tubing 

.10 

11,880 

47,520 

106,920 

190,080 

.20 

17,136 

68,544 

154.224 

274.176 

.30 

20,568 

82.272 

185.112 

329.088 

.40 

23,520 

94.080 

211.680 

376,320 

.50 

• 

26,544 

106.176 

238,896 

424,704 

.60 

29,112 

116.448 

262,008 

465.7<i2 

.7 

31.440 

125,760 

282,960 

503,040 

.8 

33,624 

134.496 

302,616 

537,984 

.9 

35,640 

142,560 

320,760 

570.240 

1.0 

37,320 

149.280 

335.880 

597.120 

1.25 

41,712 

166,848 

375.408 

667.392 

1.5 

45,960 

183,840 

413,640 

735,360 

1.75 

.12 

49.680 

198,720 

447,120 

794,880 

2.0 

.147 

53,136 

212,544 

478.224 

850,176 

2.5 

.184 

59.400 

237,600 

534,600 

950.400 

3.0 

.22 

.108 

65,088 

260,352 

585.792 

1041.408 

3.5 

.257 

.126 

1^,212 

281.088 

632.448 

1124.352 

4.0 

.294 

.144 

75,120 

300,480 

676.080 

1201.920 

4.5 

.331 

.162 

79,704 

318,810 

717,336 

1275.264 

5.0 

.368 

.18 

•      84,000 

336.000 

756,000 

1344.000 

6. 

.441 

.216 

92,016 

368,060 

828,144 

1472.256 

7. 

.515 

.252 

99,360 

397,440 

894.240 

1589.760 

8. 

.588 

.288 

106.272 

425,088 

956.448 

1700.352 

9. 

.662 

.324 

112,656 

450,624 

1013.904 

1802.496 

10. 

.736 

.36 

118,800 

475,200 

1069.200 

1900.800 

11. 

.8 

.396 

125,160 

500,640 

1126.440 

2002.560 

12. 

.88 

.432 

130,128 

520,512 

1171.152 

2082.048 

1.02 

.5 

138,960 

555,840 

1250.840 

2223.360 

1.52 

.75 

170.280 

681,120 

1532,520 

2724.480 

2.03 

1.00 

•196,680 

786,720 

1770,120 

3146.880 

2.54 

1.25 

219,960 

879.840 

1979.640 

3519.360 

TABLES  AND  USEFUL  INFORMATION 
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Pressure 

Discharge 

in  Cubic  Feet 

Inches 

Inches  of 

Lbs. 

1-inch 

2.inch 

3-inch 

4-inch 

of  water 

Mercury 

sq.  inch 

Tubing 

Tubing 

Tubing 

Tubing 

3.05 

1.5 

240,720 

962,880 

2166,480 

3851,520 

3.56 

1.75 

259,920 

1039,680 

2339,280 

4158,720 

4.07 

2.00 

272,640 

1090,560 

2453,760 

4362,240 

4.57 

2.25 

294,600 

1178,400 

2651,400 

4713,600 

5.08 

2.50 

310,800 

1243,200 

2797,200 

4972,800 

5.59 

2.75 

321,000 

1284,000 

2889,000 

5136,000 

6.10 

3. 

340,200 

1360,800 

3061,800 

5443,200 

6.61 

3.25 

354,120 

1416,480 

3187,080 

5665,920 

7.11 

3.50 

367,680 

1470,720 

3309,120 

5882,880 

7.62 

3.75 

380,400 

1521,600 

3423,600 

6086,400 

8.13 

4.00 

329,880 

1571,520 

3535,920 

6286,080 

8.64 

4.25 

405,000 

1620,000 

3645,000 

6480,000 

9.15 

4.50 

416,640 

1666,560 

3749,760 

6666,240 

9.65 

4.75 

428,280 

1713,120 

3854,520 

6852,480 

10.16 

5.00 

439,920 

1759,680 

3959,280 

7038,720 

12.20 

6. 

476,040 

1904,160 

4284,360 

7616,640 

7. 

517,320 

2069,280 

4655,880 

8277,120 

8. 

542,400 

2169,600 

4881,600 

8678.400 

9. 

569,640 

2278,650 

5126,760 

9114,240 

10. 

595,560 

2382,240 

5360,040 

9528,960 

11. 

621,960 

2487,840 

5597,640 

9951,360 

12. 

642,600 

2570,400 

5783,400 

10281,600 

13. 

664,680 

2658,720 

5982,120 

10634,880 

14. 

683,880 

2735,520 

6154,920 

10942,08U 

15. 

703.080 

2812,320 

6327,720 

11249,280 

16. 

721,080 

2884,320 

6489,720 

n537,280 

17. 

738,120 

2952,480 

6643,080 

11809,920 

18. 

753,960 

3015,840 

6785,640 

12063,360 

20. 

785,520 

3142,080 

7069,680 

12568,320 

22. 

803,280 

3213,120 

7229,520 

12852,480 

25. 

854,880 

3419,520 

7693,920 

13678,080 

30. 

910,680 

3642,720 

8196,120 

14570,880 

35. 

960,960 

3843,840 

8648,640 

15375,360 

40. 

1006,680 

4026,720 

9060,120 

16106,880 

45. 

1046,520 

4186,080 

9418,680 

16744,320 

50. 

1081,920 

4327,680 

9737.280 

17310,720 

60. 

1137,120 

4548,480 

10234,080 

18193,920 

75. 

1223,400 

4893,600 

11010,600 

19574,400 

90. 

1394,400 

5217,600 

11739,600 

20870,400 

100. 

1336,920 

5347,680 

12032,280 

21390,720 

Multipliers  for  pipe  diameters  other  than  given  in  the  above 
tables.  For  any  different  sized  pipe  apply  the  multiplier  to  the  fig- 
ures given  in  the  above  table  for  "one  inch  tubing." 


154-^—  2.25 

5*  «25 

8*  «64 

2^4"-.  6.25 

5H*«31.64 

8J4''— 68 

4J4-'«18 

6"     «36 

9'  =81 

4H*-.21.39 

65<*=39 

W  «100 

6H''-.43.9 

12*  =144 

Minute  Pressure  of  Gas  Wells 

Quickly  shut  gate  or  valve  and  note  pressure  at  end  of  each 
minute.  Usually  pressure  at  end  of  first  minute  is  used  to  approxi- 
mate volume. 

VOLUMB  IN  DIFFERENT  SIZED  TUBING  IN  LENGTH  OF  100  FEET 


Diam. 

Cu. 

ft. 

Diam. 

Cu.  ft. 

Diam. 

Cu.  ft 

Inches 

in  100  ft. 

inches 

in  100' 

inches 

in  100' 

1 

.55 

5 

13.64 

6H 

23.94 

2 

2.19 

5  3-16 

14.14 

7% 

28.67 

3 

4.91 

SH 

15.03 

8 

34.91 

3J< 

5.76 

SH 

17.26 

854 

37.12 

4 

8.73 

6 

19.63 

9^ 

50.53 

454 

9.85 

6Vi 

21.31 

10 

54.54 
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MUITIPLIERS   FOR  DIFFERENT   PRESSURES   FOR   1   MINUTE 

AND  FOR  24  HOURS 


Gauge  Lbs. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

•24 

25 

26 

21 

28 

29 

30 

40 

50 

60 

70 

80 

90 

100 


1  Min. 

1.07 

1.14 

1.21 

1.28 

1.37 

1.42 

1.49 

1.56 

1.63 

1.68 

1.76 

1.83 

1.90 

1.97 

2.09 

2.11 

2.18 

2.25 

2.32 

2.38 

2.45 

2.52 

2.59 

2.66 

2.73 

2.80 

2.87 

2.94 

3.01 

3.08 

3.77 

4.46 

5.16 

5.85 

6.54 

1.21 

7.94 


Multipliers 


24  Hrs. 

15.40 

16.40 

17.40 

18.40 

19.0 

20.40 

21.40 

22.40 

23.40 

24.40 

25.40 

26.40 

27.40 

28.40 

29.40 

30.40 

31.40 

32.40 

33.40 

34.40 

35.40 

36.40 

37.40 

38.40 

39.40 

40.40 

41.40 

42.40 

43.40 

44.40 

54.40 

64.40 

74.40 

84.40 

94.40 

104.40 

114.40 


EXAMPLE 
MINUTE  PRESSURE  OF  GAS  WELLS 

Suppose  a  well  showed  320  lbs.  gauge 
pressure  in  1  minute  in  2-inch  tubing,  depth  of 
well  being  1250  fe^t 

320       =  23.22 
2-in.  =     2.19 
12.S0       =   12.5  X   100 
Cubic  Ft.  per  Min.  =  23.22x2.19x12.5 

=  635.65 
Cubic  Ft.  per  Min.  =  38,139 
Cubic  Ft.  per  Day  =  24x38,  139=915,366 


Gauge  Lbs. 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

210 

220 

230 

240 

250 

260 

270 

280 

290 

300 

310 

320 

330 

340 

350 

360 

370 

380 

390 

400 

410 

420 

430 

440 

450 

460 

470 

480 

490 

500 

510 

520 

530 

540 

550 

560 

570 

580 

590 

600 


Multipliers 
Mill.  24  Hrs. 


8.64 
9.33 
10.02 
10.72 
11.41 
12.10 
12.80 
13.49 
14.18 
14.89 
15.58 
16.27 
16.97 
17.66 
18.35 
19.05 
19.74 
20.43 
21.13 
21.83 
22.53 
23.22 
23.91 
24.60 
25.30 
25.99 
26.68 
27.38 
28.08 
28.78 
29.47 
30.16 
30.86 
31.55 
32.24 
32.94 
33.63 
34.32 
35.02 
35.72 
36.41 
37.11 
37.80 
38.49 
39.18 
39.88 
40.57 
41.27 
41.97 
42.67 


124.40 
134.40 
144.40 
154.40 
164.40 
174.40 
184.40 
194.40 
204.40 
214.40 
224.40 
234.40 

244.40 

254.40 

264.40 

274.40 

284.40 

294.40 

304.40 

314.40 

324.40 

334.40 

344.40 

354.40 

364.40 

374.40 

384.40 

394.40 

404.40 

414.40 

424.40 

434.40 

444.40 

454.4:^ 

464.40 

474.40 

484.40 

494.40 

504.40 

514.40 

524.40 

534.40 

544.40 

554,40 

564.40 

574.40 

584.40 

594.40 

604.40 

614.40 


QUANTITY   OF  GAS,  SIZE  OF  FEED,  PIPES,  ETC.,  REQUIRED 

FOR  GAS  ENGINES 

Approximate  discharge  of  gas  of  .6  gravity  in  1-inch  straight  pipe,  for  various  lengths 
in  cubic  feet  per  hour,  at  pressure  of  4  oz.  ss  6.9''  water  at  intake  and  3.7  oz.  >»  6.4* 
water  at  discharge  end. 


Length  of 

Length  Pipe 

Cu.  Ft. 

Pipe  (ft.) 

Cu.  Ft.  Hr. 

(Feet) 

Per  Hr 

50 

350 

1100 

73 

100 

247 

1200 

71 

150 

203 

1300 

68 

200 

175 

1400 

66 

250 

152 

1500 

64 

300 

143 

1600 

62 

350 

136 

1800 

58 

400 

124 

2000 

55 

TABLES  AND  USEFUL  INFORMATION 
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Length  of 
Pipe  (ft.) 

450 
500 
600 
700 
800 
900 
1000 


Length  Pipe  Cu.  Ft. 

Cu.  Ft.  Hr.    (Feet)  Per  Hr. 

115  2500  50 

110  3000  47 

102  3500  42 

95  4000  40 

88  4500  37 

83  5000  35 

76  5280  34 


MULTIPLIERS    FOR    DIAMETERS 

Size  Pipe»  Inches  Yi  1 

Multipliers    81  1.00 

Pipe    Sire    4  5 

Multipliers     34.10         60.0 


OTHER   THAN    ONE    INCH 


1.80 


6 
95.0 


1J4 
2.93 


8 
198. 


5.92 


10 
350. 


2J4 
10.60 


3 

16.50 


12 

556. 


15 
863. 


COMPARISON   OP  FUEL  PER   H.   P.  PER  HOUR  FOR    GAS, 
GASOLINE  AND  STEAM  ENGINES 

Gas  at  25c  Gasoline  at  Coal  at  $1.50 

per  M.  ISc  per  gal.  Per  Ton 

Cu.  ft.     Cost,  cts.  Gals.     Cost,  cts     Lbs.  Cost,  cts. 

Com.    Gas    Engine 9  .225  1-12  1.25 

Oil  C  Style  Gas  Engine 13  .325  1-10  1.50 

Steam   Engine   Cut  off 40  1.  ....  ...  4  .5 

Steam  Engine   No   Cut  off 80  2.  ....  ...  8  1. 

Oil   C   Style   St.    Engine 130  3.25  ...  13  1.63 


U.  S.  PETROLEUM  STANDARD  BAUME'  (60  DEGREES) 
SPECIFIC  GRAVITY  AND  POUNDS  PER  GALLON 


Baume' 

10.0 

11.0 

12.0 

13.0 

14.0 

15.0 

16.0 

17.0 

18.0 

19.0 

20.0 

21.0 

22.0 

23.0 

24.0 

25.0 

26.0 

27.0 

28.0 

29.0 

30.0 

31.0 

32.0 

33.0 

34.0 

35.0 

36.0 

37.0 

38.0 

39.0 

40.0 

41.0 


Specific 

Lbs.  in 

Specific 

Lbs.  in 

Gravity 

U.  S.  Gal. 

Gravity 

U.  S.  Gal 

1.000 

8.33 

1.000 

8.33 

.993 

8.27 

.995 

8.29 

.986 

8.21 

.990 

8.25 

.979 

8.16 

.985 

8.21 

.973 

8.10 

.980 

8.16 

.966 

8.05 

.975 

8.12 

.959 

7.99 

.970 

8.08 

.953 

7.94 

.965 

8.04 

.947 

7.88 

.960 

8.00 

.940 

7.83 

.955 

7.96 

.934 

7.78 

.950 

7.91 

.928 

7.73 

.945 

7.87 

.922 

7.68 

.940 

7.83. 

.916 

7.63 

.935 

7.79 

.910 

7.58 

.930 

7.75 

.904 

7.53 

.925 

7.71 

.898 

7.48 

.920 

7.66 

.893 

7.44 

.915 

7.62 

.887 

7.39 

.910 

7.58 

.882 

7.34 

.905 

7.54 

.876 

7.30 

.900 

7.50 

.871 

7.25 

.895 

7.46 

.865 

7.21 

.890 

7.41 

.860 

7.17 

.885 

7.37 

.855 

7.12 

.880 

7.33 

.850 

7.08 

.875 

7.29 

.845 

7.04 

.870 

7.25 

.840 

7.00 

.865 

7.21 

.835 

6.95 

.860 

7.16 

.830 

6.91 

.855 

7.12 

.825 

6.87 

.850 

7.08 

.820 

6.83 

.845 

7.04 

Baumc' 

10.0 
10.7 
11.4 
12.1 
12.9 
13.6 
14.3 
15.1 
15.9 
16.6 
17.4 
18.2 
19.0 
19.8 
20.6 
21.4 
22.3 
23.1 
24.0 
24.8 
25.7 
26.6 
27.4 
28.3 
29.3 
30.2 
31.1 
32.0 
33.0 
34.0 
34.9 
35.9 
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Specific 

Lbs.  in 

Specific 

Lbs.  in 

Baume' 

Gravity 

U.  S.  Gal. 

Gravity 

U.  S.  Gal. 

Banme' 

42.0 

.816 

6.79 

.840 

7.00 

36.9 

43.0 

.811 

6.76 

.835 

6.96 

37.9 

44.0 

.806 

6.72 

.830 

6.91 

38.9 

45.0 

.802 

6.68 

.825 

6.87 

40.0 

46.0 

.797 

6.64 

.820 

6.83 

41.0 

47.0 

.793 

6.60 

.815 

6.79 

42.1 

48.0 

.788 

6.57 

.810 

6.75 

43.2 

49.0 

.784 

6.53 

.805 

6.71 

44.2 

50.0 

.780 

6.49 

.800 

6.66 

45.3 

51.0 

.775 

6.46 

.795 

6.62 

46.4 

52.0 

.771 

6.42 

.790 

6.58 

47.6 

53.0 

.767 

6.39 

.785 

6.54 

48.7 

54.0 

.763 

6.35 

.780 

6.50 

49.9 

55.0 

.759 

6.32 

.775 

6.46 

51.0 

56.0 

.755 

6.29 

.770 

6.41 

52.2 

57.0 

.751 

6.25 

.765 

6.37 

53.4 

58.0 

.747 

6.22 

.760 

6.33 

54.6 

59.0 

.743 

6.19 

.755 

6.29 

55.9 

60.0 

.739 

6.16 

.750 

6.25 

57.1 

61.0 

.735 

6.12 

.745 

6.21 

58.4 

62.0 

.731 

6.09 

.740 

6.16 

59.7 

63.0 

.728 

6.06 

.735 

6.12 

61.0 

64.0 

.724 

6.03 

.730 

6.08 

62.3 

65.0 

.720 

6.00 

.725 

6.04 

63.6 

66.0 

.717 

5.97 

.720 

6.00 

65.0 

67.0 

.713 

5.94 

.715 

5.96 

66.4 

68.0 

.709 

5.91 

.710 

5.91 

67.8 

69.0 

.706 

5.88 

.705 

5.87 

69.2 

70.0 

.702 

5.85 

.700 

5.83 

70.6 

71.0 

.699 

5.82 

.695 

•       5.79 

72.1 

72.0 

.695 

5.79 

.690 

5.75 

73.5 

73.0 

.692 

5.76 

.685 

5.71 

75.0 

74.0 

.689 

5.74 

.680 

5.66 

76.6 

75.0 

.685 

5.71 

.675 

5.62 

78-1 

76.0 

.682 

5.68 

.670 

5.58 

79.7 

77.0 

.679 

5.65 

.665 

5.54 

81.2 

78.0 

.675 

5.63 

.660 

5.50 

82.9 

79.0 

.672 

5.60 

.655 

5.46 

84.5 

80.0 

.669 

5.57 

.650 

5.41 

86.2 

81.0 

.666 

5.55 

.645 

5.37 

87.8 

82.0 

.663 

5.52 

.640 

S.33 

89.6 

83.0 

.660 

5.50 

84.0 

.657 

5.47 

85.0 

.654 

5.44 

86.0 

.651 

5.42 

87.0 

.648 

5.39 

88.0 

.645 

5.37 

89.0 

.642 

5.35 

90.0 

.639 

5.32 

TEMPERATURE  CORRECTIONS  FOR  DETERMINATION 

OF  TRUE  FAUME'  GRAVITY 

Explanation — ^These  tables  show  the  degrees  Baume  at  60°  F. 
of  oils  having,  at  the  designated  temperatures,  the  observed  de- 
grees Baume'  indicated.  For  example,  if  the  degrees  Baume'  is 
20.0  at  78°  F.,  the  true  degrees  Baume'  at  60°  F.  will  be  19.0.  In- 
termediate values  not  given  in  the  table  may  be  conveniently  in- 
terpolated. The  headings  "Observed  degrees  Baume, "  and  "Ob- 
served temperature"  indicate  the  actual  reading  of  the  hydrometer 
and  the  true  temperature  of  the  oil. 
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OBSERVED  DEGREES  BAUME* 

10.0    11.0    12.0    13.0    14.0    15.0    16.0    17.0    18.0    19.0 


Observed 

tetnperaturc 
•F 

CORRESPONDING  DEGREES  BAUME*  AT 

60»   F. 

60 

10.0 

11.0 

12.0 

13.0 

14.0 

15.0 

16.0 

17.0 

18.0 

19.0 

62 

9.9 

10.9 

11.9 

12.9 

13.9 

14.9 

15.9 

16.9 

17.9 

18.9 

64 

9.8 

10.8 

11.8 

12.8 

13.8 

14.8 

15.8 

16.8 

«17.8 

18.8 

66 

9.7 

10.7 

11.7 

12.7 

13.7 

14.7 

15.7 

16.7 

17.7 

18.7 

68  . 

9.6 

10.6 

11.6 

12.6 

13.6 

14.6 

15.6 

16.6 

17.6 

18.6 

70 

9.5 

10.5 

11.5 

12.5 

13.5 

14.5 

15.5 

16.5 

17.5 

18.4 

72 

9.4 

10.4 

11.4 

12.4 

13.4 

14.4 

15.4 

16.4 

17.3 

18.3 

74 

9.3 

10.3 

11.3 

12.3 

13.3 

14.3 

15.3 

16.2 

17.2 

18.2 

76 

9.2 

10.2 

11.2 

12.2 

13.2 

14.2 

15.2 

16.1 

17.1 

18.1 

78 

9.1 

10.1 

11.1 

12.1 

13.1 

14.1 

15.1 

16.0 

17.0 

\S.O 

80 

9.1 

10.0 

11.0 

12.0 

13.0 

14.0     • 

14.9 

15.9 

16.9 

17.9 

82 

9.0 

9.9 

10.9 

11.9 

12.9 

13.9 

14.8 

15.8 

16.8 

17.8 

84 

8.9 

9.8 

10.8 

11.8 

12.8 

13.8 

14.7 

15.7 

16.7 

17.7 

86 

8.8 

9.8 

10.7 

11.7 

12.7 

13.7 

14.6 

15.6 

16.6 

17.6 

88 

8.7 

9.7 

10.6 

11.6 

12.6 

13.6 

14.5 

15.5 

16.5 

17.4 

90 

8.6 

9.6 

10.5 

11.5 

12.5 

13.5 

14.4 

15.4 

16.4 

17.3 

92 

8.5 

9.5 

10.4 

11.4 

12.4 

13.4 

14.3 

15.3 

16.2 

17.2 

94 

8.4 

9.4 

10.3 

11.3 

12.3 

13.2 

14.2 

15.2 

16.1 

17.1 

•96 

8.3 

9.3 

10.2 

11.2 

12.2 

13.1 

14.1 

15.1 

16.0 

17.0 

98 

8.2 

9.2 

10.1 

n.i 

12.1 

13.0 

14.0 

15.0 

15.9 

16.9 

100 

8.1 

9.1 

10.0 

11.0 

12.0 

12.9 

13.9 

14.9 

15.8 

16.8 

102 

8.0 

9.0 

9.9 

10.9 

11.9 

12.8 

13.8 

14.8 

15.7 

16.7 

104 

7.9 

8.9 

9.8 

10.8 

11.8 

12.7 

13.7 

14.7 

15.6 

16.6 

106 

7.8 

£.8 

9.7 

10.7 

11.7 

12.6 

13.6 

14.6 

15.5 

16.5 

108 

7.7 

8.7 

9.6 

10.6 

11.6    -^ 

12.5 

13.5 

14.5 

15.4 

16.4 

110 

7.6 

8.6 

9.5 

10.5 

11.5 

12.4 

13.4 

14.4 

15.3 

16.3 

112 

7.5 

8.5 

9.4 

10.4 

11.4 

12.3 

13.3 

14.3 

15.2 

16.2 

114 

7.4 

8.4 

9.3 

10..3 

11.3 

12.2 

13.2 

14.1 

15.1 

16.1 

116 

7.3 

8.3 

9.2 

10.2 

11.2 

12.1 

13.1 

14.0 

15.0 

16.0 

118 

7.2 

8.2 

9.1 

10.1 

11.1 

12.0 

13.0 

13.9 

14.9 

15.9 

120 

7.1 

8.1 

9.0 

10.0 

11.0 

11.9 

12.9 

13.8 

14.8 

15.8 

122 

7.0 

8.0 

8.9 

9.9 

10.9 

11.8 

12.8 

13.7 

14.7 

15.6 

124 

6.9 

7.9 

8.8 

9.8 

10.8 

11.7 

12.7 

13.6 

14.6 

15.5 

126 

6.8 

7.8 

8.7 

9.7 

10.7 

11.6 

12.6 

13.5 

14.5 

15.4 

128 

8.6 

9.6 

10.6 

11.5 

12.5 

13.4 

14.4 

15.3 

130 

8.5 

9.5 

10.5 

11.4 

12.4 

13.3 

14.3 

15.2 

132 

8.5 

9.4 

10.4 

11.3 

12.3 

13.2 

14.2 

15.1 

134 

9.3 

10.3 

11.2 

12.2 

13.1 

14.1 

15.0 

136 

9.2 

10.2 

11.1 

12.1 

13.0 

14.0 

14.9 

138 

9.1 

10.1 

11.0 

12.0 

12.9 

13.9 

14.8 

140 

9.1 

10.0 

10.9 

11.9 

12.8 

13.8 

14.7 

142 

9.0 

9.9 

10.8 

11.8 

12.7 

13.7 

14.6 

144 

8.9 

9.8 

10.7 

11.7 

12.6 

13.6 

14.5 

146 

8.8 

9.7 

10.6 

11.6 

12.5 

13.5 

14.4 

148 

8.7 

9.6 

10.5 

11.5 

12.4 

13.4 

14.3 

ISO 

8.6 

9.5 

10.4 

11.4 

12.3 

13.3 

14.2 
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Obsenred  degrees  Baume 


Observed 

temperature  in 
•  F 

17.0 

18.0 

19.0 

20.0 

21.0 

22.0 

23.0 

24.0 

25.0 

26.0 

Corresponding  degrees  Baume  at  60' 

F 

30 

18.6 

19.7 

20.7 

21.7 

22.7 

23.7 

24.8 

25.8 

26.9 

27.9 

32 

18.6 

19.6 

20.6 

21.6 

22.6 

23.6 

24.7 

25.7 

26.8 

27.8 

34 

18.5 

19.5 

20.5 

21.5 

22.5 

23.5 

24.6 

25.6 

26.7 

27.7 

36 •. 

18.3 

19.4 

20.4 

21.4 

22.4 

23.4 

24.5 

25.5 

26.5 

27.S 

38 

18.2 

19.3 

20.3 

21.3 

22.3 

23.3 

24.4 

25.4 

26.4 

27.4 

40 

18.1 

19.1 

20.1 

21.2 

22.2 

23.2 

24.2 

25.2 

26.2 

27.2 

42 

18.0 

19.0 

20.0 

21.1 

22.1 

23.1 

24.1 

25.1 

26.1 

27.1 

44 

17.9 

18.9 

19.9 

20.9 

21.9 

22.9 

23.9 

24.9 

26.0 

27.0 

46 

17.8 

18.8 

19.8 

20.8 

21.8 

22.8 

23.8 

24.8 

25.9 

26.9 

48 

17.6 

18.7 

* 

19.7 

20.7 

21.7 

22.7 

23.7 

24.7 

25.8 

26.8 

50 

17.5 

18.6 

19.6 

20.6 

21.6 

22.6 

23.6 

24.6 

25.6 

26.6 

52 

17.4 

18.5 

19.5 

20.5 

21.5 

22.5 

23.5 

24.5 

25.5 

26.5 

54 

17.3 

18.3 

19.3 

20.3 

21.3 

22.3 

23.3 

24.3 

25.4 

26.4 

56 

17.2 

18.2 

19.2 

20.2 

21.2 

22.2 

23.2 

24.2 

25.3 

26.3 

58 

17.1 

18.1 

19.1 

20.1 

21.1 

22.1 

23.1 

24.1 

25.1 

26.1 

60 

• 

• 

20.0 

21.0 

22.0 

23.0 

24.0 

25.0 

26.0 

62 

19.9 

20.9 

21.9 

22.9 

23.9 

24.9 

25.9 

64 

19.8 

20.8 

21.8 

22.8 

23.8 

24.7 

25.7 

66 

19.7 

20.7 

21.7 

22.7 

23.7 

24.6 

25.6 

68 

19.5 

20.5 

21.5 

22.5 

23.5 

24.5 

25.5 

70 

19.4 

20.4 

21.4 

22.4 

23.4 

24.4 

25.4 

72 

19.3 

20.3 

21.3 

22.3 

23.3 

24.3 

25.3 

74 

19.2 

20.2 

21.2 

22.2 

23.2 

24.1 

25.1 

76 

19.1 
19.0 

20.1 
19.9 

21.1 
20.9 

22.1 
21.9 

23.1 
22.9 

24.0 
23.9 

25.0 

78 

24.9 

80 

18.9 

19.8 

20.8 

21.8 

22.8 

23.8 

24.8 

82 

18.8 

19.7 

20.7 

21.7 

22.7 

23.7 

24.7 

84 

18.7 

19.6 

20.6 

21.6 

22.6 

23.5 

24.5 

86 

18.6 

19.5 

20.5 

21.5 

22.5 

23.4 

24.4 

88 

18.4 

19.4 

20.4 

21.3 

22.3 

23.3 

24.3 

90 

18.3 

19.3 

20.3 

21.2 

22.2 

23.2 

24.2 

92 

18.2 

19.2 

20.2 

21.1 

22.1 

23.1 

24.1 

94 

18.1 

19.1 

20.1 

21.0 

22.0 

23.0 

24.0 

96 

18.0 

19.0 

20.0 

20.9 

21.9 

22.8 

23.8 

98 

17.9 

18.8 

19.8 

20.8 

21.8 

22.7 

23.7 

100 

17.8 
17.7 
17.6 

18.7 
18.6 
18.5 

19.7 
19.6 
19.5 

20.7 
20.5 
20.4 

21.7 
21.5 
21.4 

22.6 
22.5 
22.4 

23.6 

102 

23.5 

104 

23.4 

106 

17.5 

18.4 

19.4 

20.3 

21.3 

22.3 

23.3 

108 

17.3 

18.2 

19.2 

20.2 

21.2 

22.2 

23.1 

110 

» 

17.2 
17.1 
17.0 
16.9 
16.8 

16.7 

18.1 
18.0 
17.9 
17.8 
17.7 

17.6 

19.1 
19.0 
18.9 
18.8 
18.7 

18.6 

20.1 
20.0 
19.9 
19.8 
19.6 

19.5 

21.1 
21.0 
20.9 
20.8 
20.6 

20.5 

22.0 
21.9 
21.8 
21.7 
21.5 

21.4 

23.0 

112 

22.9 

114 

22.8 

116 

22.7 

118 

22.5 

120 

22.4 

Observed 

remperature  in  27.0 
•  P 

30 29.0 

32 28.8 

34 28.7 

3o .  • .•..•  28.5 

38 28.4 

-40 28.3 

-42 28.2 

44 28.1 

46 27.9 

*...  27.8 
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Observed  degrees  Baume 


SO 27.6 

52 27.5 

54 27.4 

56 27.3 

58 27.1 

«) 27.0 

62 26.9 

64 26.7 

66 26.6 

68 26.S 

70 26.4 

72 26.3 

74 26.1 

76 26.0 

78 25.8 

80 25.7 

82 25.6 

84 25.5 

86 , 25.4 

88 25.2 

^0 25.1 

92 25.0 

94 24.9 

96 24.7 

96 24.6 

100 24.5 

102 24.4 

104 24.3 

106 24.2 

108 24.0 

110 23.9 

112 23.8 

114 23.7 

116 23.6 

118 23.4 

120 23.3 


28.0 

29.0 

30.0 

31.0 

32.0 

33.0 

34.0 

35.0 

36.0 

Corresponding  degrees  Baume 

at  60" 

F 

30.0 

31.0 

32.0 

33.1 

34.1 

35.2 

36.2 

37.3 

38.3 

29.8 

30.9 

31.9 

33.0 

34.0 

35.0 

36.0 

37.1 

38.1 

29.7 

30.8 

31.8 

32.8 

33.8 

34.8 

35.8 

36.9 

38.0 

29.5 

30.6 

31.6 

32.7 

33.7 

34.7 

35.7 

36.8 

37.8 

29.4 

30.5 

31.5 

32.5 

33.5 

34.5 

35.5 

36.6 

37.7 

29.3 

30.4 

31.4 

32.4 

33.4 

34.4 

35.4 

36.5 

37.5 

29.2 

30.2 

31.2 

32.2 

33.2 

34.3 

35.3 

36.3 

37.3 

29.1 

30.1 

31.1 

32.1 

33.1 

34.2 

35.2 

36.2 

37.2 

28.9 

29.9 

30.9 

31.9 

32.9 

34.0 

35.0 

36.1 

37.1 

28.8 

29.8 

30.8 

31.8 

32.8 

33.9 

34.9 

35.9 

36.9 

28.6 

29.7 

30.7 

31.7 

32.7 

33.7 

34.7 

35.7 

36.7 

28.5 

29.6 

30.6 

31.6 

32.6 

33.6 

34.6 

35.6 

36.6 

28.4 

29.4 

30.4 

31.4 

32.4 

33.4 

34.4 

35.4 

36.4 

28.3 

29.3 

30.3 

31.3 

32.3 

33.3 

34.3 

35.3 

36.3 

28.1 

29.1 

30.1 

31.1 

32.1 

33.1 

34.1 

35.1 

36.1 

28.0 

29.0 

30.0 

31.0 

32.0 

33.0 

34.0 

35.0 

36.0 

27.9 

28.9 

29.9 

30.9 

31.9 

32.9 

33.9 

34.9 

35.9 

27.7 

28.7 

29.7 

30.7 

31.7 

32.7 

33.7 

34.7 

35.7 

27.6 

28.6 

29.6 

30.6 

31.6 

32.6 

33.6 

34.6 

35.6 

27.5 

28.4 

29.4 

30.4 

31.4 

32.4 

33.4 

34.4 

35.4 

27.4 

28.3 

29.3 

30.3 

31.3 

32.2 

33.2 

34.2 

35.2 

27.3 

28.2 

29.2 

30.2 

31.2 

32.1 

33.1 

34.1 

35.1 

27.1 

28.1 

29.1 

30.1 

31.1 

32.0 

33.0 

33.9 

34.9 

27.0 

27.9 

28.9 

29.9 

30.9 

31.8 

32.8 

33.8 

34.8 

26.8 

27.8 

28.8 

29.8 

30.8 

31.7 

32.7 

33.6 

34.6 

26.7 

27.7 

28.7 

29.7 

30.7 

31.6 

32.6 

33.5 

34.5 

26.6 

27.6 

28.6 

29.5 

30.5 

31.5 

32.5 

33.4 

34.4 

26.5 

27.5 

28.5   . 

29.4 

30.4 

31.3 

32.3 

33.2 

34.2 

26.4 

27.3 

28.3 

29.2 

30.2 

31.2 

32.2 

33.1 

34.1 

26.2 

27.2 

28.2 

29.1 

30.1 

31.0 

32.0 

33.0 

34.0 

26.1 

27.0 

28.0 

29.0 

30.0 

30.9 

31.9 

32.9 

33.9 

26.0 

26.9 

27.9 

28.9 

29.9 

30.8 

31.8 

32.7 

33.7 

25.9 

26.8 

27.8 

28.8 

29.8 

30.7 

31.7 

32.6 

33.6 

25.7 

26.7 

27.7 

28.6 

29.6 

30.5 

31.5 

32.5 

33.5 

25.6 

26.6 

27.6 

28.5 

29.5 

30.4 

31.4 

32.3 

33.3 

25.5 

26.4 

27.4 

28.3 

29.3 

30.3 

31.3 

32.2 

33.2 

25.4 

26.3 

27.3 

28.2 

29.2 

30.2 

31.2 

32.1 

•   33.0 

25.3 

26.2 

27.1 

28.1 

29.1 

30.0 

31.0 

31.9 

32.9 

25.2 

26.1 

27.0 

28.0 

29.0 

29.9 

30.9 

31.8 

32.7 

25.0 

25.9 

26.9 

27.8 

28.8 

29.7 

30.7 

31.6 

32.6 

24.9 

25.8 

26.8 

27.7 

28.7 

29.6 

30.6 

31.5 

32.5 

24.8 

25.7 

26.7 

27.6 

28.6 

29.5 

30.4 

31.3 

32.3 

24.7 

25.6 

26.6 

27.5 

28.4 

29.3 

30.3 

31.2 

32.2 

24.6 

25.5 

?6.4 

27.3 

28.3 

29.2 

30.2 

31.1 

32.1 

24.4 

25.3 

26.3 

27.2 

28.2 

29.1 

30.1 

31.0 

32.0 

24.3 

25.2 

26.2 

27.1 

28.1 

29.0 

30.0 

30.9 

31.9 
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Observed  degrees  Baume 
Observed 
temperature  in        37.0        38.0        39.0        40.0        41.0        42.0        43.0        44.0        45.0        46.0 


P 

30 39.3 

32 39.2 

34 39.0 

36 38.9 

38 38.7 

40 38.5 

42 38.4 

44 38.2 

46 38.1 

48 37.9 

50 37.8 

52 37.6 

54 37.4 

56 37.3 

58 37.1 

60 37.0 

62 36.9 

64 36.7 

66 36.6 

68 36.4 

70 36.2 

72 36.1 

74 35.9 

76 35.8 

78 35.6 

80 35.5 

82 35.3 

84 35.2 

86 35.1 

88 34.9 

90 34.8 

92 34.6 

94 34.5 

96 34.4 

98 34.2 

100 34.1 

102 33.9 

104 33.8 

106 33.6 

108 33.5 

110 33.4 

112 33.2 

114 33.1 

116 33.0 

118 32.9 

120 32.8 


Corresponding  degrees  Baume  at  60*  P 


40.3 

41.4 

42.4 

43.5 

44.5 

45.6 

46.6 

47.7 

48.7 

40.2 

41.3 

42.3 

43.4 

44.3 

45.4 

46.4 

47.5 

48.5 

40.0 

41.1 

42.1 

43.2 

44.2 

45.3 

46.3 

47.3 

48.3 

39.9 

41.0 

42.0 

43.1 

44.0 

45.1 

46.1 

47.2 

48.a 

39.7 

40.8 

41.8 

42.9 

43.9 

45.0 

46.0 

47.0 

48.0 

39.5 

40.6 

41.6 

42.7 

43.7 

44.8 

45.8 

46.8 

47.8 

39.4 

40.5 

41.5 

42.5 

43.5 

44.6 

45.6 

46.6 

47.6 

39.2 

40.3  . 

41.3 

42.4 

43.4 

44.4 

45.4 

46.4 

47.4 

39.1 

40.1 

41.1 

42.2 

43.2 

44.2 

45.2 

46.2 

47.2 

38.9 

39.9 

40.9 

42.0 

43.0 

44.1 

45.1 

46.1 

47.1 

38.8 

39.8 

40.8 

41.8 

42.8 

43.9 

44.9 

45.9 

46.9 

38.6 

39.6 

40.7 

41.7 

42.7 

43.7 

44.7 

45.7 

46.7 

38.4 

39.5 

40.5 

41.5 

42.5 

43.5 

44.5 

45.5 

46.5 

38.3 

39.3 

40.3 

41.3 

42.3 

43.3 

44.3 

45.3 

46.3 

38.1 

39.1 

40.1 

41.1 

42.1 

43.1 

44.1 

45.2 

46.2 

38.0 

39.0 

40.0 

41.0 

42.0 

43.0 

44.0 

45.0 

46.0 

37.9 

38.9 

39.9 

40.9 

41.9 

42.9 

43.9 

44.9 

45.9 

37.7 

38.7 

39.7 

40.7 

41.7 

52.7 

43.7 

44.7 

45.7 

37.6 

38.6 

39.5 

40.5 

41.5 

42.5 

43.5 

44.5 

45.5 

37.4 

38.4 

39.4 

40.4 

41.4 

42.4 

43.3 

44.3 

45.i 

37.2 

38.2 

39.2 

40.2 

41.2 

42.2 

43.1 

44.1 

45.1 

37.1 

38.1 

39.1 

40.0 

41.0 

42.0 

43.0 

44.0 

45.a 

36.9 

37.9 

38.9 

39.8 

40.8 

41.8 

52.8 

53.8 

44.8 

368 

37.8 

38.7 

39.7 

40.7 

41.7 

42.7 

43.6 

44.6 

36.6 

37.6 

38.6 

39.5 

40.5 

41.5 

42.5 

43.4 

44.4 

36.5 

37.5 

38.5 

39.4 

40.4 

41.3 

42.3 

43.2 

44.2 

36.3 

37.3 

38.3 

39.2 

40.2 

41.2 

42.2 

43.1 

44.1 

36.2 

37.2 

38.2 

39.1 

40.1 

41.0 

42.0 

42.9 

43.^ 

36.1 

37.0 

38.0 

38.9 

39.9 

40.9 

41.9 

42.8 

43.8 

35.9 

36.9 

37.9 

38.8 

39.8 

40.7 

41.7 

42.6 

43.  ^ 

35.8 

36.7 

37.7 

38.6 

39.6 

40.5 

41.5 

42.5 

43.5 

35.6 

36.6 

37.6 

38.5 

39.5 

40.4 

41.4 

42.3 

43.5 

35.5 

36.4 

37.4 

38.3 

39.3 

40.2 

41.2 

42.2 

43.2 

35.4 

36.3 

37.3 

38.2 

39.2 

40.1 

41.1 

42.0 

43.a 

35.2 

36.1 

37.1 

38.0 

39.0 

39.9 

40.9 

41.8 

42.8 

35.1 

36.0 

37.0 

37.9 

38.9 

39.8 

40.7 

41.6 

42.6 

34.9 

35.8 

36.8 

37.7 

38.7 

39.6 

40.6* 

41.5 

42.5 

34.8 

35.7 

36.7 

37.6 

38.6 

39.5 

40.4 

41.3 

42.3 

34.6 

35.5 

36.5 

37.4 

38.4 

39.3 

40.3 

41.2 

42.2 

34.5 

36.4 

36.4 

37.3 

38.3 

39.2 

40.1 

41.0 

42.0 

34.4 

35.3 

36.3 

37.2 

38.1 

39.0 

40.0 

40.9 

41.& 

34.2 

35.1 

36.1 

37.0 

38.0 

38.9 

39.8 

40.7 

41.6 

34.1 

35.0 

36.0 

36.9 

37.8 

38.7 

39.7 

40.6 

41.5 

34.0 

34.9 

35.9 

36.8 

37.7 

38.6 

39.5 

40.4 

41.4 

33.9 

34.8 

35.7 

36.6 

37.5 

38.4 

39.4 

40.3 

41.2 

33.7 

34.6 

35.6 

36.5 

37.4 

38.3 

39.2 

40.1 

41.0 

TABLES  AND  USEFUL  INFORMATION  609 

Obscnred  degreci  Baume 
Observed 
tempereture  in       47.0       48.0       49.0        50.0       51.0        52.0        53.0        54.0       55.0        56.0 


F 


Corresponding  degrees  Bsume  st  60*  P 


30 49.8  50.8  51.9  53.0  54.1  55.1  56.2  57.3  58.4  59.4 

32 49.6  50.6  51.7  52.8  53.9  54.9  56.0  57.1  58.2  59.2 

34 49.4  50.4  51.5  52.6  53.7  54.7  55.8  56.8  57.9  58.9 

36 49.3  50.3  51.4  52.4  53.5  54.5  55.6  56.6  57.7  58.7 

38 49.1  50.1  51.2  52.2  53.3  54.3  55.4  56.4  57.5  58.5 

40 48.9  49.9  51.0  52.0  53.0  54.1  55.2  56.2  57.2  58.2 

42 48.7  49.7  50.8  51.8  52.8  53.8  54.9  56.0  57.0  58.0 

44 48.5  49.5  50.6  51.6  52.6  53.6  54.7  55.7  56.8  57.8 

46 48.3  49.3  50.4  51.4  52.4  53.4  54.5  55.5  56.5  57.5 

48 48.1  49.1  50.2  51.2  52.2  53.2  54.2  55.2  56.3  57.3 

50 47.9  48.9  50.0  51.0  52.0  53.0  54.0  55.0  56.1  57.1 

52 47.7  48.7  49.8  50.8  51.8  52.8  53.8  54.8  55.9  56.9 

54 47.6  48.6  49.6  50.6  51.6  52.6  53.6  54.6  55.6  56.6 

56 47.4  48.4  49.4  50.4  51.4  52.4  53.4  54.4  55.4  56.4 

58 47.2  48.2  49.2  50.2  51.2  52.2  53.2  54.2  55.2  56.2 

60 47.0  48.0  49.0  50.0  51.0  52.0  53.0  54.0  55.0  56.0 

62 46.9  47.9  48.8  49.8  50.8  51.8  52.8  53.8  54.8  55.8 

64 46.7  47.7  48.6  49.6  50.6  51.6  52.6  53.6  54.6  55.6 

66 46.5  47.5  48.4  49.4  50.4  51.4  52.4  53.4  54.4  55.4 

68 46.3  47.3  48.3  49.3  50.3  51.3  52.2  43.2  54.2  55.2 

70 46.1  47.1  48.1  49.1  50.1  51.1  52.0  53.0  54.0  55.0 

72 46.0  47.0  47.9  48.9  49.9  50.9  51.8  52.8  53.8  54.8 

74 45.8  46.8  47.7  48.7  49.7  50.7  51.6  52.6  53.5  54.5 

76 45.6  46.6  47.5  48.5  49.5  50.5  51.4  52.4  53.3  54.3 

78 45.4  46.4  47.3  48.3  49.3  50.3  51.2  52.2  53.1  54.1 

80 45.2  46.2  47.2  48.2  49.1  50.1  51.0  52.0  52.9  53.9 

82 45.1  46.1  47.0  48.0  48.9  49.9  50.8  51.8  52.7  53.7 

«4 44.9  45.9  46.8  47.8  48.7  49.7  50.6  51.6  52.5  53.5 

»6 44.7  45.7  46.6  47.6  48.5  49.5  50.4  51.4  52.3  53.3 

S8 44.5  45.5  46.4  47.4  48.3  49.3  50.2  51.2  52.1  53.1 

90 44.4  45.4  46.3  47.3  48.2  49.2  50.1  51.0  51.9  52.9 

92 44.2  45.2  46.1  47.1  48.0  49.0  49.9  50.9  51.8  52.7 

94 44.1  45.1  46.0  46.9  47.8  48.8  49.7  50.7  51.6  52.5 

96 43.9  44.9  45.8  46.7  47.6  48.6  49.5  50.5  51.4  52.3 

98 43.7  44.7  45.6  46.6  47.5  48.4  49.3  50.3  51.2  52.1 

100 43.5  44.5  45.4  46.4  47.3  48.3  49.2  50.1  51.0  51.9 

102 43.4  44.3  45.2  46.2  47.1  48.1  49.0  49.9  50.8  51.7 

104 43.2  44.1  45.0  46.0  46.9  47.9  48.8  59.7  50.6  51.5 

106 43.1  44.0  44.9  45.8  46.7  47.7  48.6  49.5  50.4  51.3 

108 42.9  43.9  44.8  45.7  46.6  47.5  48.4  49.4  50.3  51.2 

110 42.7  43.7  44.6  45.6  46.5  47.4  48.3  49.2  50.1  51.0 

112 42.5  43.5  44.4  45.4  46.3  47.2  48.1  49.0  49.9  50.8 

114 42.4  43.4  44.3  45.3  46.2  47.1  48.0  48.8  49.7  50.6 

116 42.3  43.3  44.2  45.1  46.0  46.9  47.8  48.6  49.5  50.4 

118 42.1  43.1  44.0  44.9  45.8  46.7  47.6  48.4  49.3  50.2 

120 41.9  42.9  43.8  44.7  45.6  46.5  47.4  48.2  49.1  50.0 


no 


PETROLEUM  PRODUCTION  METHODS 


Observed 
temperature  in 

o   p 


57.0        58.0 


Observed  degrees  Baume 

59.0    60.0    61.0    62.0    63.0 


64.0    65.0 


66.0 


30 60.5 

32 60.3 

34 60.0 

36 59.8 

38 59.5 

40 59.3 

42 59.1 

44 58.9 

46 58.6 

48 58.4 

SO 58.1 

52 57.9 

54 57.7 

56 57.5 

58 57.3 

62 56.8 

64 56,6 

66 56.4 

OO  ■  •••••■■■••■■•  JvObX 

70 55.9 

72  S5  7 

74 55.5 

76 55.3 

78 55.0 

80 54.8 

82 54.6 

84 54.4 

86 54.2 

88 54.0 

90 53.8 

92 53.6 

94 53.4 

96 53.2 

98 53.0 

100 52.8 

102 52:6 

104 52.4 

106 52.2 

108 52.1 

A  X\J  *    *    »    9    •    9    9    m    0    m    •     •    m     »  J  X  m^ 

112 51.7 

114 51.5 

116 51.3 

118 51.1 

120 50.9 


Corresponding  degrees  Baume  at  60"  F 


61.6 

62.7 

63.7 

64.8 

65.8 

66.9 

67.9 

69.0 

70.0 

61.3 

62.4 

63.4 

64.5 

65.5 

66.6 

67.7 

68.8 

69.S 

61.0 

62.1 

63.1 

64.2 

65.2 

66.3 

67.4 

68.5 

69.5 

60.8 

61.9 

62.9 

64.0 

65.0 

66.1 

67.1 

68.2 

69.a 

60.5 

61.6 

62.6 

63.7 

64.7 

65.8 

66.8 

67.9 

68.9 

60.3 

61.4 

62.4 

63.5 

64.5 

65.5 

66.5 

67.6 

68.6 

60.1 

61.2 

62.2 

63.3 

64.3 

65.3 

66.3 

67.4 

68.4 

59.9 

61.0 

62.0 

63.0 

64.0 

65.0 

66.0 

67.1 

68.1 

59.6 

60.7 

61.7 

62.7 

63.7 

64.8 

65.8 

66.8 

67.8 

59.4 

60.4 

61.4 

62.5 

63.5 

64.5 

65.5 

66.5 

67.5 

59.1 

60.2 

61.2 

62.2 

63.2 

64.2 

65.2 

66.2 

67.2 

58.9 

60.0 

61.0 

62.0 

63.0 

64.0 

65.0 

66.0 

67.0 

58.7 

59.8 

60.8 

61.8 

62.8 

63.8 

64.8 

65.8 

66.8 

58.5 

59.5 

60.5 

61.5 

62.5 

63.6 

64.6 

65.6 

66.6 

58.3 

59.3 

60.3 

61.3 

62.3 

63.3 

64.3 

65.3 

66.3 

58.0 

59.0 

60.0 

61.0 

62.0 

63.0 

64.0 

65.0 

66.0 

57.8 

58.8 

59.8 

60.8 

61.8 

62.7 

63.7 

64.7 

65. 7 

57.6 

58.6 

59.6 

60.5 

61.5 

62.5 

63.5 

64.5 

65.5 

57.4 

58.3 

59.3 

60.3 

61.3 

62.3 

63.3 

64.2 

65.2 

57.1 

58.1 

59.1 

60.1 

61.1 

62.1 

63.1 

64.0 

65.0 

56.9 

57.9 

58.9 

59.8 

60.8 

61.8 

62.8 

63.8 

64.8 

56.7 

57.7 

58.7 

59.6 

60.6 

61.6 

62.6 

63.5 

64.5 

56.5 

57.4 

58.4 

59.3 

60.3 

61.3 

62.3 

63.2 

64.2 

56.3 

57.2 

58.2 

59.1 

60.1 

61.0 

62.0 

63.0 

64.0 

56.0 

57.0 

58.0 

58.9 

59.9 

60.8 

61.8 

62.8 

63.8 

55.8 

56.8 

57.8 

58.7 

59.7 

60.6 

61.6 

62.6 

63.6 

55.6 

56.5 

57.5 

58.4 

59.4 

60.4 

61.4 

62.3 

63.3 

55.4 

56.3 

57.3 

58.2 

59.2 

60.1 

61.1 

62.0 

63.0 

55.2 

56.1 

57.1 

58.0 

59.0 

59.9 

60.9 

61.8 

62.8 

55.0 

55.9 

56.9 

57.8 

58.8 

59.7 

60.6 

61.5 

62.5 

54.8 

55.7 

56.7 

57.6 

58.6 

59.5 

60.4 

61.3 

62.3 

54.6 

55.5 

56.5 

57.4 

58.4 

59.3 

60.2 

61.1 

62.1 

54.3 

55.2 

56.2 

57.1 

58.1 

59.0 

59.9 

60.8 

61.ff 

54.1 

55.0 

56.0 

56.9 

57.9 

58.8 

59.7 

60.6 

61.6 

53.9 

54.8 

55.8 

56.7 

57.6 

58.5 

59.5 

60.4 

61.3 

53.7 

54.6 

55.6 

56.5 

57.4 

58.3 

59.3 

60.2 

61.1 

53.5 

54.4 

55.4 

56.3 

57.2 

58.1 

59.0 

59.9 

60.9 

53.3 

54.2 

55.2 

56.1 

57.0 

57.9 

58.8 

59.7 

60.7 

53.1 

54.0 

55.0 

55.9 

56.8 

57.7 

58.6 

59.5 

60.4 

53.0 

53.9 

54.8 

55.7 

56.6 

57.5 

58.4 

59.3 

60.2 

52.8 

53.7 

54.6 

55.5 

56.4 

57.3 

58.2 

59.1 

60.0 

52.6 

53.5 

54.4 

55.2 

56.2 

57.1 

58.0 

58.9 

59.8 

52.4 

53.3 

54.2 

55.1 

56.0 

56.9 

57.8 

58.7 

59.6 

52.2 

53.1 

54.0 

54.9 

55.8 

65.7 

57.6 

58.4 

59.3 

52.0 

52.9 

53.8 

54.7 

55.6 

56.5 

57.4 

58.2 

59.1 

51.8 


52.7        53.6        54.5        55.4        56.3        57.2        58.0        S8.9 


TABLES  AND  USEFUL  INFORMATION  511 

Observed  degrees  Baume 
Observed 
temperature  in        67.0       68.0        69.0        70.0        71.0       72.0        73.0        74.0        75.0        76.0 


F 

JO 71.1 

32 70.9 

34 70.6 

36 70.3 

38 70.0 

40 69.7 

42 69.4 

44 69.1 

46 68.8 

48 68.6 

50 68.3 

52 68.0 

54 67.8 

56 67.6 

58 67.3 

60 67.0 

62 66.7 

64 66.4 

66 66.2 

6B 66.0 

70 65.7 

72 65.4 

74 65.2 

76 64.9 

78 64.7 

SO 64.5 

82 64.2 

«4 63.9 

86 63.7 

SS 63.4 

90 63.2 

92 63.0 

94 62.7 

96 62.5 

98 62.2 

100 62.0 

102 61.8 

104 61.6 

106 61.3 

108 61.1 

110 60.9 

112 60.7 

114 60.5 

116 60.2 

118 60.0 

120 59.8 


Corresponding  degrees  Baume  at  60*  F 


72.1 

73.2 

74.3 

75.4 

76.4 

77.5 

78.5 

79.6 

80.7 

71.9 

73.0 

74.0 

75.1 

76.1 

77.2 

78.2 

79.3 

80.4 

71.6 

72.7 

73.7 

74.8 

75.8 

76.9 

77.9 

79.0 

80.1 

71.3 

72.4 

73.4 

74.5 

75.5 

76.6 

77.6 

78.7 

79.7 

71.0 

72.1 

73.1 

74.2 

75.2 

76.3 

77.3 

78.4 

79.4 

70.7 

71.8 

72.8 

73.9 

74.9 

76.0 

77.0 

78.1 

79.1 

70.4 

71.5 

72.5 

73.6 

74.6 

75.7 

76.7 

77.8 

78.8 

70.1 

71.2 

72.2 

73.3 

74.3 

75.4 

76.4 

77.5 

78.5 

69.8 

70.9 

71.9 

73.0 

74.0 

75.1 

76.1 

77.1 

78.1 

69.6 

70.6 

71.6 

72.7 

73.7 

74.8 

75.8 

76.8 

77.S 

69.3 

70.4 

71.4 

72.5 

73.5 

74.5 

75.5 

76.5 

77.S 

69.0 

70.1 

71.1 

72.2 

73.2 

74.2 

75.2 

76.2 

77.2 

68.8 

69.9 

70.9 

71.9 

72.9 

73.9 

74.9 

75.9 

76.9 

68.6 

69.6 

70.6 

71.6 

72.6 

73.6 

74.6 

75.6 

76.6 

68.3 

69.3 

70.3 

71.3 

72.3 

73.3 

74.3 

75.3 

76.3 

68.0 

69.0 

70.0 

71.0 

72.0 

73.0 

74.0 

75.0 

76.0 

67.7 

68.7 

69.7 

70.7 

71.7 

72.7 

73.7 

74.7 

75.7 

67.4 

68.4 

69.4 

70.4 

71.4 

72.4 

73.4 

74.4 

75.4 

67.2 

68.2 

69.2 

70.1 

71.1 

72.1 

73.1 

74.1 

75.1 

67.0 

67.9 

68.9 

69.8 

70.8 

71.8 

72.8 

73.8 

74.8 

66.7 

67.6 

68.6 

69.5 

70.5 

71.5 

72.5 

73.5 

74.5 

66.4 

67.4 

68.4 

69.3 

70.3 

71.2 

72.2 

73.2 

74.2 

66.2 

67.2 

68.2 

69.1 

70.1 

71.0 

72.0 

72.9 

73.9 

65.9 

66.9 

67.9 

68.8 

69.8 

70.8 

71.8 

72.7 

73.7 

65.6 

66.6 

67.6 

68.5 

69.5 

70.5 

71.5 

72.4 

73.4 

65.4 

66.4 

67.4 

68.3 

69.3 

70.2 

71.2 

72.1 

73.1 

65.2 

66.1 

67.1 

68.0 

69.0 

69.9 

70.9 

71.8 

72.8 

64,9 

65.8 

66.8 

67.7. 

68.7 

69.6 

70.6 

71.5 

72.5 

64.7 

65.6 

66.6 

67.5 

68.4 

69.3 

70.3 

71.3 

72.3 

64.4 

65.3 

66.3 

67.2 

68.2 

69.1 

70.1 

71.0 

72.0 

64.2 

65.1 

66.1 

67.0 

68.0 

68.9 

69.9 

70.8 

71.7 

64.0 

64.9 

65.8 

66.7 

67.7 

68.6 

69.6 

70.5 

71.4 

63.7 

64.6 

65.6 

66.5 

67.4 

68.3 

69.3 

70.2 

71.1 

63.5 

64.4 

65.4 

66.3 

67.2 

68.1 

69.0 

69.9 

70.8 

63.2 

64.1 

65.1 

66.0 

66.9 

67.8 

68.8 

69.7 

70.6 

63.0 

63.9 

64.9 

65.8 

66.7 

67.6 

68.5 

69.4 

70.4 

62.8 

63.7 

64.6 

65.5 

66.4 

67.3 

68.2 

69.1 

70.1 

62.5 

63.4 

64.3 

65.2 

66.1 

67.0 

67.9 

68.8 

69.8 

62.3 

63.2 

64.1 

65.0 

65.9 

66.8 

67.7 

68.6 

69.5 

62.0 

62.9 

63.8 

64.8 

65.7 

66.6 

67.5 

68.4 

69.3 

61.8 

62.7 

63.6 

64.5 

65.4 

66.3 

67.2 

68.1 

69.0 

61.6 

62.5 

63.3 

64.2 

65.2 

66.1 

67.0 

67.8 

68.7 

61.4 

62.3 

63.1 

64.0 

64.9 

65.8 

66.7 

67.6 

68.5 

61.1 

62.0 

62.9 

63.8 

64.7 

65.6 

66.5 

67.4 

68.3 

60.9 

61.8 

62.7 

63.6 

64.5 

65.4 

66.3 

67.1 

68.U 

60.7 

61.6 

62.5 

63.3 

64.2 

65.1 

66.0 

66.8 

67.7 
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Observed  degreei  Baume 
Observed 
temperature  in        77.0        78.0        79.0        80.0        81.0        82.0        83.0        84.0        85.0        86.0 


F 


Corresponding  degrees  Baume  at  60*  P 


30 81.8    82.9  84.0   85.0    86.1  87.1  88.2  89.3    90.4  91.S 

32 81.5  82.6  83.7   84.7   85.8  86.8  87.9  89.0  90.1  91.1 

34 81.2  82.2  83.3  84.3    85.4  86.4  87.5  88.6    89.7  90.7 

36 80.8  81.9  83.0   84.0   85.1  86.1  87.2  88.2  89.3  90.5 

38 80.5  81.5  82.6   83.6   84.7  85.7  86.8  87.8  88.9  89.9 

40 80.1  81.1  82.2  83.2    84.3  85.3  86.4  87.4  88.5  89.5 

42 79.8  80.8  81.9  82.9   84.0  85.0  86.1  87.1  88.2  89.? 

44 79.5  80.5  81.6  82.6  83.7  84.7  85.8  86.8  87.8  88.8 

46 79.2  80.2  81.3  82.3  83.4  84.4  85.4  86.5  87.5  88.5 

48 78.9  79.9  81.0  82.0  83.0  84.0  85.1  86.1  87.1  88.1 

50 78.6  79.6  80.6  81.6  82.6  83.6  84.7  85.7  86.7  87.7 

52 78.2  79.2  80.3  81.3  82.3  83.3  84.3  85.3  86.3  87.3 

54 77.9  78.9  79.9  81.0  82.0  83.0  84.0  85.0  86.0  87.0 

56 77.6  78.6  79.6  80.6  81.6  82.6  83.7  84.7  85.7  86.7 

58 77.3  78.3  79.3  80.3  81.3  82.3  83.3  84.3  85.3  86.5 

60 77.0  78.0  79.0  80.0  81.0  82.0  83.0  84.0  85.0  86.0 

62 76.7  77.7  79.7  79.7  80.7  81.7  82.7  83.7  84.7  85.7 

64 76.4  77.4  78.4  79.4  80.4  81.4  82.3  83.4  84.3  85.5 

66 76.1  77.1  78.1  79.1  80.0  81.0  82.0  83.0  84.0  85.0 

68 75.8  76.8  77.7  78.7  79.7  80.7  81.7  82.7  83.7  84.7 

70 75.5  76.5  77.4  78.4  79.4  80.4  81.4  82.4  83.3  84.5^ 

72 75.2  76.2  77.1  78.1  79.1  80.1  81.1  82.1  83.0  84.0 

74 74.9  75.9  76.8  77.8  78.8  79.8  80.7  81.7  82.7  83.7 

76 74.6  75.6  76.5  77.5  78.4  79.4  80.4  81.4  82.4  83.4 

78 74.3  75.3  76.2  77.2  78.1  79.1  80.1  81.1  82.0  83.0 

80 74.0  75.0  75.9  76.9  77.8  78.8  79.8  80.8  81.7  82.7 

82 73.7  74.7  75.6  76.6  77.5  78.5  79.4  80.4  81.3  82.5 

84 73.4  74.5  75.3  76.3  77.2  78.2  79.1  80.1  81.0  82.0 

86 73.2  74.1  75.0  76.0  76.9  77.9  78.8  79.8  80.7  81.7 

88 72.9  73.9  74.8  75.8  76.7  77.6  78.5  79.5  80.4  81.4 

90 72.6  73.6  74.5  75.5  76.4  77.3  78.2  79.2  80.1  81.1 

92 72.3  73.3  74.2  75.2  76.1  77.0  77.9  78.9  79.8  80.8 

94 72.0  73.0  73.9  74.9  75.8  76.7  77.6  78.6  79.5  80.5 

96 71.7  72.7  73.6  74.6  75.5  76.4  77.3  78.3  79.2  80.? 

98 71.5  72.4  73.3  74.3  75.2  76.1  77.0  78.0  78.9  79.8- 

100 71.2  72.1  73.0  74.0  74.9  75.8  76.7  77.6  78.5  79.5 

102 71.0  71.9  72.8  73.7  74.6  75.5  76.4  77.3  78.2  79.2 

104 70.7  71.6  72.5  73.4  74.3  75.2  76.1  77.0  77.9  78.a 

106 70.4  71.3  72.2  73.1  74.0  74.9  75.8  76.7  77.6  78.5 

108 70.1  71.0  71.9  72.8  73.7  74.6  75.5  76.4  77.3  7S.2 

110 69.8  70.7  71.6  72.5  73.4  74.3  75.2  76.1  77.0  77.9 

112 69.6  70.5  71.4  72.3  73.2  74.1  74.9  75.8  76.7  77.6 

114 69.4  70.3  71.2  72.1  72.9  73.8  74.6  75.5  76.4  77.5 

116 69.1  70.0  70.9  71.8  72.6  73.5  74.3  75.2  76.1  77.0 

118 68.8  69.7  70.6  71.5  72.3  73.2  74.0  74.9  75.8  76.7 

120 68.5  69.4  70.3  71.2  72.0  72.9  73.7  74.6  75.5  76.4- 
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Observed  degrees  Baume 
Observed 
temperature  in        87.0        88.0        89.0        90.0        91.0        92.0        93.0       94.0        95.0        96.0 


Corresponding  degrees  Baume  at  60*  F 


F 

30 92.6 

32 92.2 

34 91.8 

36 91.4 

38 91.0 

40 90.6 

42 90.3 

44 89.9 

46 89.6 

48 89.2 

SO 88.8 

52 88.4 

54 88.0 

56 87.7 

58 87.3 

60 87.0 

62 86.7 

64 86.3 

66 86.0 

68 85.6 

70 85.3 

72 85.0 

74 84.6 

76 84.3 

78 84.0 

«0 83.6 

«2 83.2 

S4 82,9 

86 82.6 

88 82.3 

90 82.0 

92 81.7 

94 81.3 

96 81.0 

98 80.7 

too 80.4 

102 80.1 

104 79.7 

106 79.4 

108 79.1 

110 78.8 

112 78.5 

114 78.2 

116 77.9 

118 77.5 

120 77.2        78.1         79.0        79.9        80.8        81.7        82.5        83.4        84.3        85.2 


93.6 

94,7 

95.7 

93.2 

94.3 

95.3 

92.9 

93.9 

94.9 

95.9 

92.5 

93.6 

94.6 

95.6 

92.1 

93.2 

94.2 

95.2 

91.7 

92.8 

93.8 

94.9 

95.9 

• 

91.3 

92.4 

93.4 

94,5 

95.5 

90.9 

92.0 

93.0 

94.1 

95.1 

96.1 

90.6 

91.7 

92.7 

93.7 

94.7 

95.7 

90.2 

91.3 

92.3 

93.3 

94.3 

95.3 

89.8  • 

90.9 

91.9 

92.9 

93.9 

94.9 

95.9 

89.4 

90.5 

91.5 

92.5 

93.5 

94.5 

95.5 

89.0 

90.1 

91.1 

92.1 

93.1 

94.1 

95.1 

88.7 

89.7 

90.7 

91.7 

92.7 

93.7 

94.7 

95.7 

88.3 

89.4 

90.4 

91.4 

92.4 

93.4 

94.4 

95.4 

88.0 

89.0 

90.0 

91.0 

92.0 

93.0 

94.0 

95.0 

96.0 

87.7 

88.6 

89.6 

90.6 

91.6 

92.6 

93.6 

94.6 

95.6 

87.3 

88.3 

89.3 

90.3 

91.3 

92.2 

93.2 

94.2 

95.2 

87.0 

88.0 

89.0 

89.9 

90.9 

91.8 

92.8 

93.8 

94.8 

86.6 

87.6 

88.6 

89.5 

90.5 

91.4 

92.4 

93.4 

94.4 

86.3 

87.3 

88.3 

89.2 

90.1 

91.0 

92.0 

93.0 

94.0 

86.0 

86.9 

87.9 

88.8 

89.8 

90.7 

91.7 

92.7 

93.7 

85.6 

86.5 

87.5 

88.4 

89.4 

90.3 

91.3 

92.3 

93.3 

85.3 

86.2 

87.2 

88.1 

89.1 

90.0 

91.0 

92.0 

93.0 

85.0 

85.9 

86.9 

87.8 

88.7 

89.6 

90.6 

91.6 

92.6 

84.6 

85.5 

86.5 

87.4 

88.4 

89.3 

90.2 

91.2 

92.2 

84.2 

85.1 

86.1 

87.0 

88.0 

88.9 

89.8 

90.8 

91.8 

83.8 

84.7 

85.7 

86.6 

87.6 

88.5 

89.4 

90.4 

91.4 

83.5 

84.4 

85.4 

86.3 

87.3 

88.2 

89.1 

90.0 

91.0 

83.2 

84.1 

85.1 

86.0 

87.0 

87.9 

88.8 

89.7 

90.7 

82.9 

83.8 

84.8 

85.7 

86.6 

87.5 

88.4 

89.3 

90.3 

82.6 

83.5 

84.4 

85.3 

86.2 

87.1 

88.1 

89.0 

90.0 

82.2 

83.1 

84.1 

85.0 

85.9 

86.8 

87.7 

88.6 

89.6 

81.9 

82.8 

83.7 

84.6 

85.6 

86.5 

87.4 

88.3 

89.3 

81.6 

82.5 

83.4 

84.3 

85.2 

86.1 

87.0 

88.0 

89.0 

81.3 

82.2 

83.1 

84.0 

84.9 

85.8 

86.7 

87.6 

88.6 

81.0 

81.9 

82.8 

83.7 

84.6 

85.5 

86.4 

87.3 

88.3 

80.6 

81.5 

82.5 

83.4 

84.3 

85.2 

86.1 

87.0 

87.9 

80.3 

81.2 

82.1 

83.0 

83.9 

84.8 

85.7 

86.6 

87.6 

80.0 

80.9 

81.8 

82.7 

83.6 

84.5 

85.4 

86.3 

87.2 

79.7 

80.6 

81.5 

82.4 

83.3 

84.2 

85.1 

86.0 

86.9 

79.4 

80.3 

81.2 

82.1 

83.0 

83.8 

84.7 

85.6 

86.6 

79.1 

80.0 

80.9 

.81.7 

82.6 

83.5 

84.4 

85.3 

86.2 

78.8 

79.7 

80.6 

81.4 

82.3 

83.2 

84.1 

85.0 

85.9 

78.4 

79.3 

80.2 

81.1 

82.0 

82.8 

83.7 

84.6 

85.6 
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TEMPERATURE— VOLUME  TABLE 

Showing  Change  in  Volume  for  One  Degree  (Fahrenheit)  Change  tix 

Temperature  for  14**  Be.  Oil 

Temp.  Correction  Temp.  Correction  Temp.  Correction  Temp.  Correction 
Deg.  F.       to  be  Added  Deg.  F.  Subtract   Deg.  F.   Subtract   Deg.  F.   Subtract 

30 010950     60     .000000      90     .010950     120  .021900 

31 010585     61     .000365      91     .011315     121  .022265 

32 010220     62            .000730      92     .011680     122  .022630 

33 009855     63     .001095      93     .012045     123  .022995 

34 009490     64     .001460      94     .012410     124  .023360 

35 009125     65     .001825      95     .012775     125  ..023725 

36 008760     66     .002190      96     .013140     126  .024090 

37 008395     67     .002555      97     .013505     127  .024455 

38 008030     68     .002920      98   ,   .013870     128  .024820 

39 007665     69     .003285      99     .014235     129  .02518^ 

40 007300     70     .003650     100     .014600     130  .025550 

41 006935     71     .004015     101     .014965     131  .025915 

42 006570     72            .004380     102     .015330     132  .026280 

43 006205     73     .004745     103     .015695     133  .026645 

44 005840     74     .005110     104     .016060     134  .027010 

45 005475     75     .005475     105     .016425     135  .027375 

46 005110     76     .005840     106     .016790     136  .027740 

47 004745     77            .006205     107     .017155     137  .028105 

48 004380     78     .006570     108     .017520     138  .02847O 

49 004015     79     .006935     109     .017885     139  .02883S 

50 003650     80     .007300     110     .018250     140  .029200 

51 003285     81     .007665     111     .018615     141  .029565 

52 002920     S2            .008030     112     .018980     142  .029930 

53 002555     83     .008395     113     .019345     143  .030295 

54 002190     84     .008760     114     .019710     144  .030660 

55 001825     85     .009125     115     .020075     145  .031025 

56 001460     86     .009490     116     .020440     146  .031390 

57 001095     87     .009855     117     .020805     147  .031755 

58 000730     88     .010220     118     .021170     148  .032120 

59 000365     89     .010585     119     .021535     149  .032485 

To  get  proper  correction  multiply  gross  barrels  by  the  number  opposite  the  temper- 
ature. When  the  temperature  is  above  60"  F.  the  correction  is  subtracted  from  the  gross, 
barrels.  When  the  temperature  is  below  60*  F.  the  correction  is  added.  This  table  is 

based  on  .0365  of  1%  change  in  volume  for  one  degree  (Fahrenheit)  change  in  temperature* 

calculated  on  a  basis  of  60*  F.,  and  therefore  is  for  oils  of  14*  Be.  gravity.  For  oils  o£ 
other  gravities  the  following  factors  are  used,  same  betng  the  coefticient  of  expansion  per 
degree  Fahrenheit: 


For 

10* 

Be. 

gravity 

oils 

use 

coefficient 

of 

.000356 

For 

11* 

Be. 

gravity 

oils 

use 

coefficient 

of 

.000359 

For 

13* 

Be. 

gravity 

oils 

use 

coefficient 

of 

.000362 

For 

14* 

Be. 

gravity 

oils 

use 

coefticient 

of 

.000365 

For 

16* 

Be. 

gravity 

oils 

use 

coefficient 

of 

.000368 

For 

24* 

Be. 

gravity 

oils 

use 

coefficient 

of 

.000392 

For 

31* 

Be. 

gravity 

oils 

use 

coefficient 

of 

.000419 

For 

41* 

Be. 

gravity 

oils 

use 

coefficient 

of 

.000470 

For 

52* 

Be. 

gravity 

oils 

use 

coefficient 

of 

.000540 

HEAT  UNITS  PER  BARREL 

The  commercial  unit. — Weight  per  barrel  of  different  fuel  oils 
according  to  the  Baume  scale  with  the  respective  heating  values 
per  barrel  calculated  from  the  formula  of  Sherman  &  Kropff,  i.  e., 
B.  T.  U's  per  pound  of  oil,  equals  18650  added  to  40  times  the 
diflference  between  the  degree  Baume  and  10 : 


B.  T.  U.  =  18650  plus  40  X  (Baume— 10.) 


TABLES  AND  USEFUL  INFORMATION 

TEMPERATURE   DEDUCTION   TABLE 
iptraturn  in  desmi  Fihrenbric.     Deduction  in  dcgrHi  Biuma 

a  g  e      K  E  E 

els         I    f       I       I       I       5 
tut        2    t       ^       t       ^       t 


For  example,  ii  it  is  round  thai  llic  pnvHy  accordiiiB  (o  your  Hrdiomcin  is  19.8  ind 
ihc  icmpcniure  iccordint  1o  the  Hydromcler  is  lOfi  degrees  Fahrenheit  you  would  dEducI 
2.5  desrees  trom  I9.»  degrees  which,  would  give  a  corrected  gravily  ol  17.5  degrees  Baume. 

CAUTION.— N»»  insert  Hydromelei  in  oil  hotter  than  the  highest  temperatuTC  indi- 
cated on  your  Hydrometer  thermometer.  Always  test  oil  first  with  Station  Thermometer  and 
if  necessary  allow  oil  lo  cool  belore  inserting  Hydrometer. 

DIRECTIONS  FOR  TESTING  OIL  FOR  IMPURITIES 
In   making    75%    cut  In   making    50%   cut 

proceed      is      follows;  fill  the  tube  half  lull  o( 

Pour  75  C.  C.  of  gaio-  gasoline,  that  is,  to  the 

line  into  (he  graduated  50  C.    C.   mark.     Then 

tube.     Then  twur  in  25  pour  in  crude  oil  filling 

C.  C.  of  crude  oil,  fill-  i    the  tube  to  the  100  C. 

ing  the  tube  to  the  100  C.  mark. 

C.  C.  mark.     Shake  the  ^        Proeeed    as    in    m»k- 

tube     ifaorougbly     for  ''    i„g    ■;$%   cut   with  the 

about  5   minutes,  place  eiception   tbii   the  ob- 

in    rick,  and    allow    to  served   location    of   the 
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Baumc 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 


Difference 

in  faTor  of 

B.  T.  IT'S 

heavy  oil 

per  bbl. 

No.  of 

Lbs.  per 

B.  T.  U*s 

35  Baume 

B.  T.  U's 

bbl. 

per  bbl. 

Oil 

Per  bbl. 

Per  Ct. 

349 

6,525,635 

5,842,338 

683,297 

11.69 

347 

6,494,027 

5,842,338 

651,689 

11.15 

344 

6.461,288 

5,842.338 

618,950 

10.60 

342 

6,431,352 

5,842,338 

589,014 

10.08 

340 

6,398,666 

5,842.338 

556,328 

9-53 

338 

6,371,677 

5,842,338 

529,339 

9.06 

335 

6,340.239 

5,842,338 

497,901 

8.53 

333 

6,311,829 

5,842,338 

469,491 

8.03 

331 

6,282,294 

5,842,338 

439,956 

7.53 

328 

6,253,199 

5,842,338 

410,961 

7.03 

326 

6,225,540 

5,842,338 

383,202 

6.55 

324 

6vl98,523 

5,842,338 

356,185 

6.09 

322 

6,169,807 

5,842,338 

327,469 

5.60 

320 

6,143,985 

5,842,338 

301,647 

5.16 

318 

6,117,464 

5,842,338 

275,126 

4.71 

316 

6,090,892 

5,842,338 

248,554 

4.25 

314 

6,064,197 

5,842,338 

221,859 

3.79 

312 

6,038,112 

5,842,338 

195,774 

3.35 

310 

6,013,610 

5,842,338 

171,272 

2.93 

308 

5,986,820 

5,842,338 

144,482 

2.47 

306 

5.963,370 

5,842,338 

121,042 

2-07 

304 

5,938,018 

5,842,338 

95,680 

1.63 

302 

5,914,074 

5,842,338 

71,736 

1.22 

301 

5,890,765 

5,842,338 

48,427 

.82 

299 

5,866,527 

5,842,338 

24,189 

.41 

297 

5,842,338 

5,842,338 

Standard  Size  and  Weights — Wrought  Iron  and  Steel  Pipe  and 

Casing  As  Used  In  Gulf  Coast  Country 


List  Price 

Diameter, 

ins.        Thick- 

Size,  ins. 

Per  ft. 

External 

Internal 

ness 

yi 

$  .06 

.405 

.269 

.068 

y* 

.0654 

.540 

.364 

.088 

H 

.06^4 

.675 

.493 

.091 

yi 

.09 

»840 

.622 

.109 

V4 

.12 

1.050 

.824 

.113 

1 

.17^ 

1.315 

1.049 

.133 

Wa 

.23  J4 

1.660 

1.380 

.140 

1^ 

.28 

1.900 

1.610 

.145 

2 

.37^ 

2.375 

2.067 

.154 

2Vi 

.59 

2.875 

2.469 

.203 

3 

.77 

3.500 

3.068 

.216 

3J4 

.93 

4.000 

3.548 

.226 

4 

1.10 

4.500 

4.026 

.237 

4^ 

1.28 

5.000 

4.506 

.247 

5 

1.50 

5.563 

5.047 

.258 

6 

1.94 

6.625 

6.065 

.280 

7 

2.40 

7.625 

7.023 

.301 

8 

2.54 

8.625 

8.071 

.277 

8 

2.92 

8.625 

7.981 

.322 

9 

3.47 

9.625 

8.941 

.342 

10 

3.25 

10.750 

10.192 

.279 

10 

3.55 

10.750 

10.136 

.307 

10 

4.17 

10.750 

10.020 

.365 

11 

4.68 

11.750 

11.000 

.375 

12 

4.55 

12.750 

12.090 

.330 

12 

5.12 

12.750 

12.000 

.375 

13 

5.68 

14.000 

13.250 

.375 

14 

6.18 

15.000 

14.250 

»375 

15 

6.60 

16.000 

15.250 

.375 

Nominal       Nominal 
O.  D.  Length  of 

of  Coupling    Coupling 


Weight  Per  Foot 
Threads    Threads 
Plain         and  per 

Ends    Couplings    Inch 


18/32 

^ 

.244 

.246 

27 

23/32 

15/16 

.424 

.426 

18 

63/64 

1-H 

.567 

.571 

18 

1-54 

1-25/32 

.850 

.856 

14 

1-  7/16 

2-  7/32 

1.130 

1.138 

14 

1-21/32 

2-  7/32 

1.678 

1.688 

H^ 

2-^ 

2-H 

2.272 

2.300 

11^ 

2-H 

^% 

2.717 

2.748 

IIH 

2-29/32 

3-11/16 

3.652 

3.716 

IIH 

3-17/32 

4-  3/16 

5.793 

5.881 

8 

4-  5/32 

4-  3/16 

7.575 

7.675 

8 

4-25/32 

4-  3/16 

9.109 

9.261 

8 

5-  7/32 

4-^ 

10.790 

10.980 

8 

5-11/16 

4-  3/16 

12.538 

12.742 

8 

6-17/32 

S-Va 

14.617 

14.966 

8 

7-19/32 

5-J4 

18.974 

19.367 

8 

8-^ 

6-H 

23.544 

23.975 

8 

9-yi 

6-H 

24.696 

25.414 

8 

9-J4 

6-H 

28.554 

29.213 

8 

10-19/32 

6-H 

33.907 

34.612 

8 

n-H 

6-J4 

31.201 

32.515 

8 

n-H 

6-J4 

34.240 

35.504 

8 

11-?^ 

6-54 

40.483 

41.644 

8 

12-31/32 

6-H 

45.557 

46.805 

8 

13-15/16 

6-54 

.  43.773 

45.217 

8 

13-15/16 

6-J4 

49.562 

50.916 

8 

15-13/32 

7-  1/16 

54.568 

56.649 

8 

16-11/32 

7-% 

58.573 

60.802 

8 

17-H 

7-Va 

62.579 

64.955 

8 

TABLES  AND  USEFUL  INFORMATION 
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Rotary  Pipe  or  Drill  Stem — Iron  and  Steel:  All  Weights  and 

Dimensions  are  Nominal 


Diameters  Thick- 

Size         External        Internal      ness 


Nominal  Nominal 

O.  D.  Length 

of  Coupling    of  Coupling 


Weight  Per  Foot 

Threads    Threads 
Plain  and  Per 

Ends      Couplings     Inch 


4 

4.500 

4.026 

.237 

5-  9/16 

6-H 

10.790 

11.055 

8 

4 

4.500 

3.900 

.255 

5-  9/16 

6-H 

11.561 

11.815 

8 

4^ 

5.000 

4.506 

.247 

5-15/16 

r-a 

12.538 

12.744 

8 

5 

5.563 

5.047 

.258 

6-  7/16 

7-«4 

14.617 

15.055 

8 

6 

6.625 

6.065 

.280 

7-17/32 

7-H 

18.974 

19.463 

8 

Special  Rotary  Pipe — Iron  and  Steel :  All  Weights  and 

Dimensions  are  Nominal 


Weight  Per  Foot 

Nominal 

Nominal 

Threads 

Threads 

Diameters 

Thick- 

O.  D. 

Length 

Plain 

and 

Per 

ize 

External 

Internal 

ness 

of  Coupling 

of  Coupling 

Ends 

Couplings 

Inch 

2J4 

2.875 

2.323 

,276 

3-11/16 

5-H 

7.661 

7.830 

8 

2yi 

2.875 

2.143 

.366 

3-11/16 

s-\i 

9.807 

10.000 

8 

4.500 

3.958 

.271 

5-  9/16 

6-H 

12.240 

12.000 

8 

4.500 

3.826 

.337 

5-  9/16 

(y-H 

14.983 

15.000 

8 

^% 

5.000 

4.388 

.306 

5-15/16 

7-% 

15.340 

15.500 

8 

4J4 

5.000 

4.290 

.355 

5-15/16 

7-14 

17.611 

18.000 

8 

5.563 

4.955 

.304 

6-  7/16 

7-% 

17.074 

17.500 

8 

5.563 

4.813 

.375 

6-  7/16 

7-14 

20.778 

21.000 

8 

6 

6.625 

5.937 

.344 

7-17/32 

7-Vx 

23.076 

23.500 

8 

6 

6.625 

5.761 

.432 

7-17/32 

7-% 

28.573 

29.000 

8 

California  Special  Casing — Iron  aird  Steel:  All  Weights  and 

Dimensions  are  Nominal 


Weight  Per  Foot 

Nominal 

Nominal 

Threads 

Threads 

Diameters 

Thick- 

O. D. 

Length 

Plain 

and 

Per 

Size 

External 

Internal 

ness 

of  Coupling 

of  Coupling 

Ends 

Couplings 

Inch 

4J4 

4.750 

4.082 

.334 

5-15/32 

6-  7/16 

15.752 

16.000 

10 

4H 

5.000 

4.506 

.247 

5-17/32 

s-a 

12.538 

12.850 

10 

4K 

5.000 

4.424 

.288 

5-17/32 

9r-% 

14.493 

15.000 

10 

SH 

6.000 

5.352 

.324 

6-25/32 

6-»4 

19.641 

20.000 

10 

6% 

6.625 

6.049 

.288 

7-  7/16 

10-J4 

19.491 

20.000 

10 

6M 

6.625 

5.921 

.352 

7-  7/16 

10- J4 

23.582 

24.000 

10 

6% 

6.625 

5.855 

.385 

7-  7/16 

10-^ 

25.658 

26.000 

10 

6H 

6.625 

5.791 

.417 

7-  7/16 

lO-Vi 

27.648 

28.000 

10 

6H 

7.000 

6.456 

.272 

7-23/32 

io-?4 

19.544 

20.000 

10 

6H 

7.000 

6.276 

.362 

7-23/32 

10-^/4 

25.663 

26.000 

10 

6H 

7.000 

6.214 

.393 

7-23/32 

10-54 

27.731 

28.000 

10 

6H 

7.000 

6.154 

.423 

7-23/32 

10-54 

29.712 

30.000 

10 

7H 

8.000 

7.386 

.307 

8-31/32 

7-54 

25.223 

26.000 

10 

SH 

8.625 

8.017 

.304 

9-19/32 

10-54 

27.016 

28.000 

10 

SH 

8.625 

7.921 

.352 

9-19/32 

10-54 

31.101 

32.000 

10 

8 '4 

8.625 

7.825 

.400 

9-19/32 

10-54 

35.137 

36.000 

10 

8^ 

8.625 

7.775 

.425 

9-19/32 

10-54 

37.220 

38.000' 

10 

854 

8.625 

7.651 

.487 

9-19/32 

10-54 

42.327 

43.000 

10 

9H 

10.000 

9.384 

.308 

10-29/32 

7-  3/16 

31.881 

33.000 

10 

10 

10.750 

10.054 

.348 

11-29/32 

10-54 

38.661 

40.000 

10 

10 

10.750 

9.960 

.395 

11-29/32 

10-54 

43.684 

45.000 

10 

10 

10.750 

9.902 

.424 

11-29/32 

\0-% 

46.760 

48.000 

10 

10 

.    10.750 

9.784 

.483 

11-29/32 

10-5^ 

52.962 

54.000 

10 

nn 

12.000 

11.384 

.308 

13-  5/32 

7-  3/16 

38.460 

40.000 

10 

i2yi 

13.000 

12.438 

.281 

14-  7/32 

12-'4 

38.171 

40.000 

10 

12^ 

13.000 

12.360 

.320 

14-  7/32 

12-54 

43.335 

45.000 

10 

12^ 

13.000 

12.282 

.359 

14-  7/32 

12-54 

48.467 

50.000 

10 

1254 

13.000 

12.220 

.390 

14-  7/32 

12-54 

52.523 

54.000 

10 

13^ 

14.000 

13.344 

.328 

15-15/32 

8-5i 

47.894 

50.000 

10 

15ji 

16.000 

15.198 

.401 

17-15/32 

8 

66.806 

70.000 

10 
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PETROLEUM  PRODUCTION  METHODS 


Oil  Well  Tubing— Iron  and  Steel:  All  Weights  and 

Dimensions  are  Nominal 


Weight  Per  Foot 

Nominal 

Nominal 

Threads 

Threads 

Diameters 

Thick- 

O. D. 

Length 

Plain 

and 

Per 

ize 

External 

Internal 

ness 

of  Coupling 

of  Coupling 

Ends 

Couplings 

Inch 

1% 

1.660 

1.380 

.140 

2-H 

2-H 

2.272 

2.300 

nyi 

iVi 

1.900 

1.61d 

.145 

2-H 

3-^4 

2.717 

2.748 

n>4 

2 

2.375 

2.041 

.167 

2-29/32 

3-11/16 

3.938 

4.000 

1154 

2 

2.375 

1.995 

.190 

2-29/32 

3-11/16 

4.433 

4.500 

1154 

2^ 

2.875 

2.469 

.203 

3-  9/16 

4-  3/16 

5.793 

5.897 

1154 

2^4 

2.875 

2.441 

.217 

3-  9/16 

4-  3/16 

6.160 

6.250 

1154 

3 

3.500 

3.068 

.216 

4-  5/32 

4  -3/16 

7.575 

7.694 

llH 

3 

3.500 

3.018 

.241 

4-  5/32 

4-  3/16 

8.388 

8.500 

1154 

3 

3.500 

2.922 

.289 

4-  5-32 

4-  3/16 

9.910 

10.000 

1154 

354 

4.000 

3.548 

.226 

4-25/32 

4-  3/16 

9.109 

9.261 

8 

4 

4.500 

4.026 

.237 

5-  7/32 

^H 

10.790 

10.980 

8 

4 

4.500 

3.990 

.255 

5-  7/32 

A-% 

11.561 

11.750 

8 

The  permissable  variation  in  weight  is  5  per  cent  above  and  5  per  cent  below.  Fur- 
nished with  threads  and  couplings  and  in  random  lengths,  unless  otherwise  ordered.  All 
weights  are  given  in  pounds.  All  dimensions  given  in  inches.  Steel  always  unless  specified 
differently. 


Size 

2 

2J4 

3 

354 

4 

4^ 

5 

6 

7 

8 

8 

8 

9 
10 
10 
10 
11 
12 
12 
13 
14 
15 

17-OD 
18-OD 
20-OD 


Drive  Pipe — Iron  and  Steel 

Weight  Per  Foot 

Nominal 

Nominal 

Threads 

Threads 

Diameters 

Thick- 

O. D. 

Length 

Plain 

and 

Per 

External 

Internal 

ness 

of  Coupling 

of  Coupling 

Ends 

Couplings 

Inch 

2.375 

2.067 

.154 

2-29/32 

3-11/16 

3.652 

3.730 

1154 

2.875 

2.469 

.203 

3-  7/16 

4-  3/16 

5.793 

5.906 

8 

3.500 

3.068 

.216 

4-13/64 

4-^ 

7.575 

7.705 

8 

4.000 

3.548 

.226 

4-11/16 

4-^ 

9.109 

9,294 

8 

4.500 

4.026 

.237 

s-% 

4-54 

10.790 

10.995 

8 

5.000 

4.506 

.247 

5-23/32 

4-  3/16 

12.538 

12.758 

8 

5.563 

5.047 

.258 

6-13/32 

S-J4 

14.617 

14.989 

8 

6.625 

6.065 

.280 

7-  9/16 

S-Va 

18.974 

19.408 

8 

7.625 

7.023 

.301 

8-^ 

6-  5/16 

23.544 

24.021 

8 

8.625 

7.071 

.277 

9-19/32 

6-H 

24.696 

25.495 

8 

8.625 

7.981 

.322 

9-19/32 

6^H 

28.554 

29.303 

8 

8.625 

7.917 

.354 

9-11/16 

6-H 

31.270 

32.334 

8 

9.625 

8.941 

.342 

10-18/32 

6-yi 

33.907 

34.711 

8 

10.750 

10.195 

.279 

12-  1/16 

6-H 

31.201 

32.631 

8 

10.750 

10.136 

.307 

12-  1/16 

6-H 

34.240 

35.628 

8 

10.750 

10.020 

.365 

12-  1/16 

6r-H 

40.483 

41.785 

8 

11.750 

11.000 

.375 

12-15/16 

6-H 

45.557 

46.953 

8 

12.750 

12.090 

.330 

13-15/16 

6-H 

43.773 

45.358 

8 

12.750 

12.000 

.375 

13-15/16 

6-H 

49.562 

51.067 

8 

14.000 

13.250 

.375 

15-  7/16 

7-5i 

54.568 

56.849 

8 

15.000 

14.250 

.375 

16-  7/16 

7-V6 

58.573 

61.005 

8 

16.000 

15.250 

.375 

17-11/32 

7-V4 

62.579 

65.161 

8 

17.000 

16.214 

.393 

18-  9/16 

7-H 

69.704 

73.000 

8 

18.000 

17.182 

.409 

19-57/64 

1-Va 

76.840 

81.000 

8 

20.000 

19.182 

.409 

21-29/32 

7-;4 

85.577 

90.000 

8 

Size 

\% 
154 
2 
2 

254 
3 


Diameters 
External  Internal 


1.660 
1.900 
2.375 
2.375 
2.875 
3.500 
4.500 


1.380 
1.610 
2.041 
1.995 
2.441 
3.018 


External  Upset  Tubing 


Thick- 
ness 

.140 
,145 
.167 
.190 
.217 
.241 


Weight  Per  Foot 

Test  Pres- 


Plain 
Ends 

2.272 
2.717 
3.938 
4.433 
6.160 
8.388 


Threads 

and 
Couplings 

2.300 
2.752 
4.000 
4.500 
6.250 
8.627 


3.958        .271       12.240       12.500 


sure 

in 

Pounds 

1800 
1800 
2200 
2500 
2200 
2000 
1800 


Threads 
Per 
Inch 

1154 
1154 
1154 
1154 
1154 
10 


Couplings 
Diameter  Length 


2.200 
2.481 
3.060 
3.060 
3.668 
4.504 


2H 
2H 
3H 
3H 
454 
554 


10 


5.349        654 


Weight 

1.049 
1.049 
2.329 
2.329 
3.891 
7.627 
9.511 


TABLES  AND  USEFUL  INFORMATION 
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Size 


"Shelby''  Seamless  Interior  Upset  Drill  Pipe 

Weight  Per  Foot 

Test  Pres- 
Threads       sure  Threads 
Diameters        Thick-    Plain  and  in         Per  Couplings 

External  Internal    ness       Ends    Couplings  Pounds    Inch    Diameter  Length  Weight 


2 

2.37S 

2.000 

.1875 

4.380 

4.477 

2500 

10 

2.892 

5Ji 

3.503 

2V, 

2.875 

2.469 

.203 

5.793 

6.002 

2200 

8 

3.564 

6^ 

6.743 

2M 

2.875 

2.323 

.276 

7.661 

7.841 

2500 

8 

3.564 

^% 

6.743 

3 

3.500 

3.063 

.2187 

7.665 

7.939 

1800 

8 

4.248 

6H 

8.777 

354 

4.000 

3.500 

.250 

10.012 

10.366 

2000 

8 

4.771 

7% 

12.060 

4 

4.500 

4.000 

.250 

11.347 

11.756 

1800 

8 

5.256 

7H 

14.296 

4 

4.500 

3.958 

.271 

12.240 

12.632 

1900 

8 

5.256 

7H 

14.296 

4 

4.500 

3.826 

.337 

14.983 

15.323 

2200 

8 

5.256 

7H 

14.296 

4J4 

5.000 

4.500 

.250 

12.682 

13.130 

1700 

8 

5.756 

7H 

15.787 

5 

5.563 

4.975 

.294 

16.544 

17.000 

1700 

8 

6.303 

9}i 

18.472 

5 

5.563 

4.859 

.352 

19.590 

20.000 

2000 

8 

6.303 

8H 

18.472 

6 

6.625 

6.065 

.280 

18.974 

19.551 

1600 

8 

7.350 

8^ 

22.994 

6 

6.625 

5.761 

.432 

28.573 

28.948 

2000 

8 

7.350 

BH 

22.994 

Table  Showing  Collapsing  Pressure  of  Lap- Welded  Steel  Casing 


Collapsing  Equivalent 


Weight 

Inside 

Pressure 

Water 

Using 

Size, 

Per  Foot, 

Diameter, 

Outside 

Thickness,    Pounds, 

Column 

Safety 
Fac.  of  2 

Inches 

Pounds 

Inches 

Diameter 

Inches 

Square  Inch 

Feet 

4 

15.0 

3.826 

4.500 

0.337 

5105 

11760 

5880 

4-J4 

15.0 

4.500 

5.000 

0.250 

2944 

6790 

3395 

5-3/16 

17.0 

4.892 

5.500 

0.304 

3404 

7840 

3920 

5-3/16 

20.0 

4.780 

5.500 

0.360 

4285 

9870 

4935 

s-H 

20.0 

5.370 

6.000 

0.315 

3160 

7280 

3640 

6 

17.0 

4.982 

5.500 

0.304 

3404 

7840 

3920 

6 

19.46 

6.065 

6.625 

0.280 

2277 

5246 

2623 

6 

23.5 

5.937 

6.625 

0.344 

3114 

7170 

3585 

6- '4 

20.0 

6.000 

6.625 

0.312 

2704 

6230 

3115 

26.0 

5.845 

6.625 

0.390 

3717 

8560 

4280 

28.0 

5.775 

6.625 

0.425 

4167 

9600 

4800 

6'H 

20.0 

6.437 

7.000 

0.281 

2096 

4830 

2415 

6-H 

24.0 

6.334 

7.000 

0.333 

2741 

6320 

3160 

26.0 

6.312 

7.000 

0.344 

2867 

6600 

3300 

28.0 

6.220 

7.000 

0.390 

3440 

7930 

3965 

7-H 

26.0 

7.390 

8.000 

0.305 

1914 

4410 

2205 

8 

29.213 

7.981 

8.625 

0.322 

1849 

4260 

2130 

8-% 

28.0 

8.015 

8.625 

0.305 

1980 

3870 

1935 

32.0 

7.935 

8.625 

0.345 

2080 

4790 

2395 

36.0 

7.875 

8.625 

0.375 

2383 

5490 

2745 

38.0 

7.765 

8.625 

0.430 

2928 

6750 

3375 

43.0 

7.625 

8.625 

0.500 

3638 

8380 

4190 

9-H 

33.0 

9.500 

10.000 

0.250 

780 

1800 

900 

10 

40.0 

10.000 

10.750 

0.375 

1638 

3770 

1885 

48.0 

9.850 

10.750 

0.450 

2234 

5150 

2575 

54.0 

9.750 

10.750 

0.500 

2643 

6090 

3045 

n-« 

40.0 

11.437 

12.000 

0.281 

641 

1475 

737 

12- J4 

40.0 

12.500 

13.000 

0.250 

402 

927 

463 

45.0 

12.360 

13.000 

0.320 

745 

1717 

858 

50.0 

12.250 

13.000 

0.375 

1109 

2560 

1280 

13-54 

50.0 

13.250 

14.000 

0.375 

936 

2160 

1080 

15-54 

.51.3 

15.416 

16.000 

0.292 

314 

724 

362. 
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Table  Showing  Capacity  of  Tubing  and  Casing  Per  Lineal 

Foot  In  Gallons  and  Cubic  Feet 


Nominal 

Actual  Inside 

Inside 

Weight,  Per 

Actual  Outside 

Diameter 

Diameter 

Foot  Pounds 

Diameter,  Inches 

Inches 

IH 

2.24 

1.660 

1.390 

1^ 

2.68 

1.900 

1.622 

2 

4.00 

2.375 

2.021 

2 

4.50 

2.375 

1.971 

2^ 

5.74 

2.875 

2.461 

2H 

6.25 

2.875 

2.433 

3 

7.54 

3.500 

3.080 

3 

8.50 

3.500 

3.018 

3 

10.00 

3.500 

2.914 

3}4 

9.00 

4.000 

3.558 

4 

10.66 

4.500 

4.022 

4 

11.75 

4.500 

3.980 

454 

16.00 

4.750 

4.082 

4^ 

12.85 

5.000 

4.506 

4J4 

15.00 

5.000 

4.424 

SH 

20.00 

6.000 

5.352 

6U 

20.00 

6.625 

6.049 

654 

24.00 

6.625 

5.921 

6'/< 

26.00 

6.625 

5.855 

6^ 

28.00 

6.625 

5.791 

6H 

20.00 

7.000 

6.456 

6H 

26.00 

7.000 

6.276 

6H 

28.00 

7.000 

6.214 

6H 

30.00 

7.000 

6.154 

7H 

26.00 

8.000 

7.386 

S% 

28.00 

8.625 

8.017 

s% 

32.00 

8.625 

7.921 

s% 

36.00 

8.625 

7.825 

B% 

38.00 

8.625 

7.775 

S% 

43.00 

8.625 

7.651 

9H 

33.00 

10.000 

9.384 

10 

40.00 

10.750 

10.054 

10 

45.00 

10.750 

9.960 

10 

48.00 

10.750 

9.902 

10 

54.00 

10.750 

9.784 

IIH 

40.00 

12.000 

11.384 

12J4 

40.00 

13.000 

12.438 

12J4 

45.00 

13.000 

12.360 

1254 

50.00 

13.000 

12.282 

1254 

54.00 

13.000 

12.220 

1354 

50.00 

14.000 

13.344 

1554 

70.00 

16.000 

15.198 

Capacity  Per  Foot 
Gallons  Cubic  Feet 


0.079 

0.1078 

0.1661 

0.1582 

0.2470 

0.2420 

0.3870 

0.3720 

0.3460 

0.5160 

0.6600 

0.6510 

0.680 

0.830 

0.799 

1.170 

1.490 

1.430 

1.400 

1.365 

1.700 

1.610 

1.580 

1.546 

2.224 

2.625 

2.560 

2.500 

2.470 

2.390 

3.600 

4.130 

4.060 

4.020 

3.900 

5.290 

6.300 

6.230 

6.140 

6.090 

7.280 

9.420 


0.0105 

0.0144 

0.0222 

0.0212 

0.0330 

0.0323 

0.0158 

0.0497 

0.0463 

0.0689 

0.0882 

0.0870 

0.091 

0.116 

0.107 

0.156 

0.199 

0.191 

0.187 

0.182 

0.227 

0.215 

0.211 

0.206 

0.296 

0.350 

0.343 

0.334 

0.330 

0.320 

0.480 

0.552 

0.543 

0.537 

0.522 

0.706 

0.843 

0.834 

0.821 

0.814 

0.973 

1.260 
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Contents  of  Cylinders,  in  Cubic  Feet  and  in  U.  S.  Gallons 

For  One  Foot  in  Length 


Diameter  in 

Diameter  in 

inches 

Decimals  of  a  foot 

!4 

.0208 

5/16 

.0260 

H 

.0313 

7/16 

.0365 

^ 

.0417  • 

9/16 

.0469 

H 

.0521 

11/16 

.0573 

13/16 

.0677 

H 

.0729 

15/16 

.0781 

H 

.0625 

1 

.0833 

'4 

.1042 

H 

.1250 

H 

.1458 

2 

.1667 

li 

.1875 

^ 

.2083 

^  ^ 

H 

.2292 

3 

.2500 

.2708 

^ 

.2917 

y^ 

.3125 

4 

.3333 

% 

.3542 

yi 

.3750 

H 

.3958 

5 

.4167 

M 

.4375 

^ 

.4583 

fi 

.4792 

6 

.50 

^ 

.5208 

^ 

.5417 

»^ 

.5625 

7 

.5823 

M 

.6042 

y^ 

.6250 

H 

.6458 

8 

.6667 

For  one  foot  in  length 
Cubic  Feet,  also  Gallons  of  231 

area  in  sq.  ft.        ^       cubic  inches 


.0003 
.0005 
.0008 
.0010 
.0014 
.0017 

.0021 
.0026 
.0036 
.0042 
.0048 
.0031 

.0055 
.0085 
.0123 
.0168 
.0218 
.0276 

.0341 
.0413 
.0491 
.0576 
.0668 
.0767 

.0873 
.0985 
.1105 
.1231 
.1364 
.1503 

.1650 
.1803 
.1963 
.2130 
.2305 
.2485 

.2673 
.2868 
.3068 
.3275 
.3490 


.0026 
.0040 
.0057 
.0078 
.0102 
.0129 

.0159 
.0193 
.0270 
.0312 
.0359 
.0230 

.0408 
.0638 
.0918 
.1250 
.1632 
.2066 

.2550 
.3085 
.3673 
.4310 
.4998 
.5738 

.6528 
.7370 
.8263 
.9205 
1.020 
1.124 

1.234 
1.349 
1.469 
1.594 
1.724 
1.859 

1.999 
2.144 
2.295 
2.450 
2.611 
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Diameter  in 

Diameter  in 

inches 

Decimals  of  a  foot 

854 

.6875 

^ 

.7083 

f4 

.7292 

9 

.750 

H 

.7708 

J4 

.7917 

H 

.8125 

10 

.8333 

Va 

.8542 

Vi 

.8750 

Va 

.8958 

11 

.9167 

M 

.9375 

V* 

.9583 

Va 

.9792 

12 

1.0 

54 

1.042 

13 

1.083 

^ 

1.125 

14 

1.167 

H 

1.208 

15 

1.250 

^ 

1.292 

16 

1.333 

$4 

1.375 

17 

1.417 

^ 

1.458 

18 

1.50 

H 

1.542 

19 

1.583 

^ 

1.625 

20 

1.666 

^ 

1.708 

21 

1.750 

H 

1.792 

22 

1.833 

For  one  foot  in  length 
Cubic  Feet,  also  Gallons  of  231 

area  in  sq.  ft.  cubic  inches 


.3713 
.3940 
.4175 
.4418 
.4668 
.4923 

.5185 
.5455 
.5730 
.6013 
.6303 
.660 

.6903 
.7213 
.7530 
.7854 
.8523 
.9218 
.9940 
1.069 
1.147 
1.227 
1.310 
1.396 

1.485 
1.576 
1.670 
1.767 
1.867 
1.969 

2.074 
2.182 
2.292 
2.405 
2.521 
2.640 


2.777 
2.948 
3.125 
3.305 
3.492 
3.682 

3.879 
4.081 
4.286 
4.498 
4.714 
4.937 

5.163 
5.395 
5.633 
5.876 
6.375 
6.895 
7.435 
7.997 
8.578 
9.180 
9.801 
10.44 

11.11 
11.79 
12.50 
13.22 
13.97 
14.73 

15.52 
16.32 
17.15 
17.99 
18.86 
19.75 


231  cubic  inches  equals  one  gallon,  and  7.4805  gallons  equals  one  cubic  foot. 
For  the  contents  of  a  greater  diameter  than  any  in  the  table,  take  the  quantity  opposite 
one-iuUf  said  diameter,  and  multiply  it  by  four. 

AUXILIARY  APPARATUS  AS  AN  AID  TO  FUEL  SAVING' 

i 

Feed  water  softeners  and  treaters. — All  natural  water,  except 
rain  water,  contains  chemicals  in  solution  or  suspension  which  may 
appear  as  solids  under  boiler  conditions.  When  by  analysis  such 
solid-forming  compounds  are  determined  in  water  they  may  be  re- 
moved or  rendered  harmless  by  some  method  of  treatment. 

Against  the  cost  of  this  treatment  is  balanced  the  decreased 
capacity  and  efficiency  of  the  boiler  when  fired  through  scaly  tubes, 
the  depreciation  of  the  tubes,  and  also  the  frequency  of  cleaning  and 
repairs  with  the  necessary  shutdowns. 

Scale  is  formed  by  the  deposit  of  these  compounds  on  the  heat- 


'U.  S.  Bureau  of  Mines  handbook,  "Efficiency  in  the  use  of  oil  fuel." 
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ing  surface,  through  their  concentration  in  the  process  of  evapo- 
ration, the  lower  power  of  the  water  to  hold  them  in  solution  at 
high  temperatures,  and  the  chemical  reactions  produced  by  concen- 
tration and  temperature.  It  may  also  be  formed  by  mud  and  sedi- 
ment being  cemented  with  other  impurities  of  the  surface. 


Approximate  Classification  of  Impurities  Pound  in  Peed  Waters, 
Their  Effect,  and  Ordinary  Methods  of  Relief 

Ordinary  Method  of  OTercomiiiflr 
or    RelieTuig 


Settling  tanks,   filtration. 
Blowing  down. 
Blowing  down. 


Impurity  Nature  of  Difficulty 

Sediment,    mud,    etc Incrustation 

Readily    soluble    salts do 

Heating  feed.     Treatment  by  addi- 
Bicarbonate  of  lime,  magnesia,  etc.  do  tion  of  lime,  or  lime  and  soda.  Ba- 

rium carbonate. 

Sulphate    of    lime do  Treatment    by    addition   of    barium 

carbonate. 
Chloride  and  sulphate  ot   magnesia  Corrosion  Treatment  by  addition  of  carbonate 

of  soda. 

Acid      do  Alkali. 

Heating    feed.      Keeping    air    from 

Dissolved   carbonic  acid  and  oxygen  do  feed.     Addition  of  caustic  soda   or 

slacked   lime. 

Grease    do  Filter.       Iron    alum    as    coagulant. 

Neutralization      by      carbonate      of 

Organic    matter     do  soda.  Use  of  best  hydro-carbon  oils. 

Filter.     Use  of  coagulant. 

Organic    matter    (sewage) . .  i Priming  Settling    tanks.      Filter    in    connec- 

tion   with  coagulant. 

Carbonate  of  soda  in   large  quanti-  do  Barium  carbonate  new  feed  supply 

ties   if  from  treatment,  change. 


In  general  one  can  say  that  it  always  pays  to  treat  a  poor  feed 
water  and,  further,  the  treatment  should  be  outside  the  boiler. 
Boiler  compounds  should  be  used  only  when  treatment  plants  are 
not  feasible.  Treatment  plants  use  different  chemical  reagents  for 
precipitating  the  scale- forming  substance  in  water-soda  and  lime 
being  the  most  common.  Tannins  or  other  chemicals  forming  col- 
loidal solutions  are  sometimes  used. 

The  losses  from  firing  through  scale,  and  from  foaming  priming 
caused  by  impurities,  although  difficult  to  express  in  precise  terms, 
are  nevertheless  actual  and  quite  evident  upon  careful  observation. 

Feed  water  heaters. — The  fuel  saving  possible  from  heating  feed 
water  may  be  computed  from  the  formula : 


Percentage  of  fuel  saving  = 


100  (t— t*) 
H  X  32— t* 
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where  t  equals  the  feed  water  temperature  after  heating,  t*  the 
temperature  of  feed  water  before  heating,  and  H  is  the  heat  con- 
tent above  32  degrees  Fahrenheit  per  pound  of  steam  at  boiler 
pressure. 

An  approximate  rule  for  the  conditions  of  ordinary  practice  is 
that  a  saving  of  1  per  cent  is  made  by  each  increase  of  11  degrees 
Fahrenheit  in  the  temperature  of  the  feed-water.  This  corresponds 
to  0.0909  per  cent  per  degree  of  temperature  rise. 

The  calculation  of  saving  is  made  as  follows :  Boiler-pressure  100 
pounds  gauge;  total  heat  in  steam  above  32  degrees  equals  1,185 
b.  t.  u.  Feed-water  original  temperature,  60  degrees ;  final  tempera- 
ture, 209  degrees  Fahrenheit.  Increase  in  heat  units,  150.  Heat- 
units  above  32  degrees  in  feed-water  of  original  temperature  equals 
28.  Heating  units  in  steam  above  that  in  cold  feed-water,  1,185  less 
28  equals  1,157.  Saving  by  the  feed-water  heater  equals  150/1,157 
equals  12.96  per  cent.  Increase  in  temperature  150  degrees  times 
tabular  figure  0.0864  equals  12.96  per  cent. 

Exhaust  steam  from  the  main  auxiliary  machinery  is  usually 
used  in  both,  the  open  and  closed  types  of  heater  for  heating  the 
feed  water.'  Economizers  are  sometimes  used  in  the  flue  passages 
from  a  boiler  for  preheating  the  feed  water,  and  are  generally  con- 
structed as  a  continuous  coil  or  are  improvised  from  a  discarded 
tubular  boiler.  Where  a  boiler  is  not  abstracting  the  proper  pro- 
portion of  heat  from  the  combustion  gases  an  economizer  has  a 
proper  field.  Otherwise,  with  the  good  efficiencies  of  75  to  80  per 
cent  possible  with  oil  fuel,  there  is  small  opportunity  for  much  gain 
from  installing  economizers.  The  selection  of  a  feed-water  heater 
should  be  intrusted  to  an  engineer  who  has  made  a  study  of  the 
conditions  at  the  particular  plant. 

Superheaters 

In  the  transportation  of  saturated  steam  to  the  main  engines  all 
radiation  of  heat  from  the  piping  has  its  equivalent  in  condensation 
within  the  line,  whereas  with  superheat  the  radiation  simply  causes 
a  loss  of  superheat  but  no  condensation.  In  addition  the  conducti- 
bility  of  superheated  steam  is  less  than  that  of  saturated  and  the 
radiation  losses  are  lower. 

Within  the   engine   cylinder,    entering   steam   is   required   im- 
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mediately  to  supply  heat  to  the  relatively  cool  cylinder  walls.  The 
result  with  saturated  steam  is  a  condensation  loss  of  20  to  30  per 
cent.  Assume  that  a  certain  cylinder  requires  1  pound  of  steam  at 
a  pressure  of  150  pounds  to  fill  it  to  the  point  of  cut-off.  As  the 
volume  of  1  pound  of  steam  at  that  pressure  is  about  170  times  as 
great  as  the  volume  of  1  pound  of  water,  the  space  occupied  by  the 
condensed  water  is  slight  as  compared  with  that  of  the  steam,  and 
an  additional  volume  of  steam  practically  equal  to  that  condensed 
will  have  to  be  supplied,  or  practically  1.25  pounds  of  steam  will  be 
required. 

On  the  contrary,  if  the  degree  of  superheat  is  sufficient,  super- 
heated steam  gives  no  condensation  in  the  cylinder  and  every  pound 
of  steam  from  the  boiler  does  useful  work  in  the  cylinder.  It  is 
the  practice  to  govern  the  amount  of  superheat  so  as  to  obviate 
most  of  the  condensation  and  at  the  same  time  to  avoid  the  difficulty 
of  lubrication  and  the  new  or  special  engine  valves,  steam  lines,  and 
fittings  made  necessary  by  excessively  high  temperatures.  In  gen- 
eral the  fuel  saving  from  a  superheater  placed  properly  will  practi- 
cally equal  the  percentage  of  steam  saved. 

Boiler  Horse  Power* 

The  accepted  rule  for  figuring  boiler  horse  power  is  as  follows : 
One  Horse  Power  equals  the  evaporation  of  30  pounds  of  water 
per  hour  from  an  initial  temperature  of  100  degrees  Fahrenheit  into 
steam  at  70  pounds  gauge  pressure,  or  its  equivalent ;  34J4  pounds 
of  water  evaporated  per  hour  from  a  temperature  of  212  degrees 
Fahrenheit  into  steam  at  212  degrees. 

Horse  Power  of  an  Engine* 

P  =  mean  effective  pressure  per  square  inch  of  the  steam  on  the  piston. 

L  =  length  of  stroke  in  feet. 

A  =  area  of  piston  in  square  inches, 

N  =  number  of  strokes  per  minute. 

Then   Horse  Power  equals  PLAN 


33000 


The  approximate  mean  effective  pressure  in  the  cylinder  when 
valve  cuts  oiT  at : 


'By  Permission  of  Crane  Company. 
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yi  stroke  equals  steam  pressure  X  -597 

yi   stroke  equals  steam  pressure  X  -670 

^  strdke   equals  steam  pressure  X  .743 

J4   stroke  equals  steam  pressure  X  -847 

^  stroke  equals  steam  pressure  X  -919 

Yi  stroke  equals  steam  pressure  X  .937 

^  stroke  equals  steam  pressure  X  -966 

?'8   stroke  equals   steam  pressure  X  .922 


Ranges  In  Steam  Consumption  By  Prime  Movers' 

(For  Estimating  Purposes) 

Simple  Non-Condensing  Automatic  Engines..  29-45  pounds  per  hour. 

Simple  Non-Condensing  Engines 26-40  pounds  per  hour. 

Simple  Non-Condensing  Corliss  Engines 26-35  pounds  per  hour. 

Compound   Non-Condensing   Engines 19-28  pounds  per  hour. 

Compound  Condensing  Engines 12-22  pounds  per  hour. 

Simple  Duplex  Steam  Pumps 120-200  pounds  per  hour. 

Turbines,    Non-Condensing 28-60  pounds  per  K.W.  hr. 

Turbines,  Condensing   12-42  pounds  per  K.W.  hr. 


Flow  of  Steam  In  Pipes* 

To  determine  the  velocity  of  steam  in  feet  per  minute  through  a 
pipe,  the  quantity,  pressure  and  area  being  known. 

V  =  velocity  in  feet  per  minute. 

A  =  pounds   of   steam   per   hour. 

B  =  volume  in  cubic  feet  of  1  pound  at  given  pressure. 

C  =  area  of  pipe  in  square  inches. 
1728  =  cubic  inches  in  a  cubic  foot. 
60  =  minutes  in  an  hour. 
12  =  inches  in  a  foot. 

AXBX1728        AXBX2.4 


xn 

Cll 

V 

60XCX12 

Or 

A 

— 

cxv 

BX2.4 

Or 

B 

== 

CXV 

AX2.4 

Or 

C 

^zz 

AXBX2.4 

V 

^By  Permission  of  Craue  Company. 
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Loss  of  Pressure" 

« 

The  above  formula  does  not  consider  the  probable  drop,  or  loss 
of  pressure  which  is  dependent  upon  the  velocity  of  flow,  length  of 
line,  number  of  turns  in  fittings  or  valves,  and  the  covering  of  the 
pipe.  In  every  steam  line  there  must  be  a  difference  in  pressure 
between  the  inlet  and  outlet  or  there  could  be  no  flow,  and  this 
difference  is  increased  by  friction  and  radiation. 

In  power  plant  work  a  steam  velocity  of  4000  to  6000  feet  per 
minute  may  be  employed  without  excessive  loss,  in  properly  covered 
pipes  6  inches  diameter  or  larger.  For  smaller  pipe  use  a  low^er 
velocity. 

DETAILS  CONCERNED  WITH  THE  MAKING  OF 

PIPE  CONNECTIONS 

Making  Tight  Screwed  Joints  for  Very  High  Pressures' 

By  R.  T.  CRANE 

We  are  in  doubt  if  the  trade  clearly  understands  the  conditions 
that  are  necessary  in  order  to  make  good  screw  joints  with  pipe  and 
fittings,  especially  when  they  are  intended  to  withstand  very  high 
pressure,  and  in  any  event  we  think  it  might  be  best  to  put  this 
matter  before  you  once  more. 

It  has  been  our  experience  that  the  ordinary  steamfitter,  ^hen 
called  upon  to  put  up  piping  that  will  be  subjected  to  a  pressure 

9 

of  200  or  300  pounds  of  steam,  feels  that  he  is  shouldering  a  very 
heavy  responsibility ;  but  should  he  be  called  upon  to  make  joints 
that  would  have  to  bear  1000  pounds  of  air  pressure  he  might  not  feel 
like  assuming  the  responsibility  at  all ;  or,  should  he  undertake  the 
work,  probably  he  would  feel  certain  that  it  would  be  necessary  to 
resort  to  extraordinary  means  to  get  the  desired  result.  In  all  prob- 
ability he  would  decide  that  with  the  ordinary  material  manufactur- 
ed and  supplied  to  the  general  market,  such  work  under  these  con- 
ditions was  impossible. 

We  have  demonstrated  beyond  the  possibility  of  a  doubt,  that 
tight  joints  for  1000  pounds  air  may  be  made  with  the  ordinary  line 
pipe,  providing  clean  cut  threads  are  made,  and  extraordinary  care 
and  intelligence  are  exercised  in  putting  them  together. 

'By  Permission  Crane  Co. 
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The  secret  of  making  a  tight  joint  is  to  avoid  or  overcome  the 
friction  incident  to  screwing  pipe  and  fittings  together. 

This  friction  is  due  to  the  large  amount  of  bearing  surface,  es- 
pecially when  there  is  grit  in  the  threads  and  the  joints  are  coming 
up  close  to  the  bearing.  Friction  produces  heat,  and  heat  produces 
expansion,  and  as  the  pipe  is  lighter  than  the  coupling  or  fitting,  it 
expands  more ;  then  when  both  become  cold  the  pipe  contracts  more 
than  the  coupling,  thus  causing  a  tendency  to  leak. 

Some  years  ago  we  ran  across  an  instance  where  a  pipe  line 
was  being  put  together  in  the  field  by  machinery.  The  machine 
would  do  the  work  quickly,  and  the  workmen  concluded  that  they 
had  tight  joints,  when  the  joints  became  hot ;  but  after  the  material 
was  cold,  and  the  heat  of  the  friction  was  gone,  the  joints  would 
not  be  tight.  The  fact  of  the  matter  was  that  the  heat  showed  con- 
clusively that  the  threads  had  not  been  properly  cleaned,  and  in- 
stead of  the  heat  being  an  evidence  of  a  tight  joint,  it  was  evidence 
of  a  bad  joint,  and  we  have  no  doubt  that  there  has  been,  and  still  is, 
an  enormous  amount  of  pipe  line  work  being  botched  up  in  this  way. 

Some  time  ago  we  took  occasion  to  make  a  test  on  this  question 
on  an  eight-inch  pipe  line  to  withstand  1,000  pounds  of  air  pressure ; 
and  this  we  did  with  the  regular  weight  of  line  pipe  and  a  coupling 
weighing  about  24  pounds — the  weight  of  a  first-class  line  pipe 
coupling  of  this  size.  The  result  of  the  experiment  on  thirty-two 
joints  was  that  on  the  first  test  all  were  tight  excepting  one,  and 
when  this  joint  was  taken  apart  and  again  made  up,  it  also  proved 
tight. 

These  cases  simply  prove  that  it  is  a  comparatively  easy  matter 
to  make  tight  joints  for  1,000  pounds  air  pressure,  and  with  the 
ordinary  pipe  line  material. 

It  must  be  evident  to  anyone  who  has  given  any  thought  what- 
ever to  this  subject,  that  in  order  to  make  good  joints,  the  iron  must 
be  brought  together  as  solidly  as  possible. 

To  secure  this  result  the  first  essential  is  that  the  threads  should 
be  absolutely  clean;  and  the  next  is  that  the  very  best  lubricant 
should  be  used  in  order  to  prevent  friction,  and  they  should  not  be 
screwed  up  fast  enough  to  make  any  change  in  the  temperature  of 
the  material. 

It  is  necessary  that  the  threads  be  cut  clean,  that  is,  that  taps 
and  dies  be  in  perfect  condition. 


530  PETROLEUM  TRODUCTION  METHODS 

A  taper  thread  is  not  absolutely  necessary  to  the  making  of  a 
tight  joint.  (In  one  experiment  we  made  one  joint  with  coupling 
which  had  no  taper  at  all,  and  the  others  but  very  little.)  Nor  is  a 
large  amount  of  bearing  necessary  to  make  a  tight  joint — although 
for  permanency  and  serviceability  the  standard  length  of  threads 
and  taper  we  consider  necessary  and  correct. 

We  made  one  joint  with  a  thread  reduced  to  three-eights  of  an 
inch  in  length  and  it  was  tight  at  1,500  pounds  hydraulic  pressure, 
thus  proving  that  the  length  of  thread  is  not  essential  to  prevent 
the  stripping  of  the  thread,  either  from  the  pipe  or  from  the 
coupling. 

We  are  satisfied  that  especially  long  threads  are  a  detriment  to 
the  making  of  a  good  joint;  for  it  must  stand  to  reason,  that  the 
longer  the  thread  the  more  the  tendency  to  friction,  which  prevents 
the  iron  from  coming  up  close  together,  not  to  mention  the  natural 
irregularities  in  the  threads  acting  in  the  same  direction. 

This  will  be  better  understood  if  we  go  to  an  extreme  in  the 
matter.  For  instance,  should  we  undertake  to  make  a  joint  on  eight 
inch  pipe,  with  a  thread  six  inches  long,  the  friction  and  irregulari- 
ties would  be  so  great  that  it  would  be  practically  impossible  to  get 
the  requisite  thread  contact. 

It  should  be  understood  that  absence  of  heat  in  pipe  or  coupling 
does  not  mean  absence  of  grit  or  gum  in  the  threads.  Dirty  threads 
may  be  screwed  up  very  slowly,  and  thus  avoid  the  heating  due  to 
friction,  and  yet  the  joints  be  anything  but  tight. 


Defects  in  Threads  on  Wrought  Iron  or  Steel  Pipe 

and  Fittings^ 

It  is  surprising  what  erroneous  ideas  are  held  regarding  the 
placing  of  too  much  importance  on  defects  in  threads  of  pipe  and 
fittings,  by  those  whose  business  it  is  to  make  joints  with  them. 

In  order  to  show  how  mistaken  are  these  ideas,  Crane  Company, 
some  time  ago  made  the  most  searching  and  conclusive  tests,  giving 
abundant  evidence  that  the  many  defects  for  which,  pipe  and  fittings 
often  are  rejected,  are  entirely  unimportant  and  do  not  in  the 
slightest,  militate  against  the  making  of  a  thoroughly  tight  and 
serviceable  joint. 


*By  R.  T.   Crane 
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One  of  the  causes  assigned  for  the  rejection  of  pipe  and  material 
is  that  the  threads  are  a  trifle  broken.  Probably  not  so  much  as 
one  per  cent  of  the  whole  bearing  of  the  thread  is  gone,  or  marred, 
yet  there  are  steamfitters  who  will  throw  out  such  material. 

Crane  Company  has  shown  conclusively,  in  the  following  prac- 
tical way,  that  it  is  absurd  to  discard  such  material  for  ordinary 
defects  in  threads. 

A  piece  of  eight-inch  pipe  was  threaded  for  a  distance  of  two  and 
a  quarter  inches.  This  pipe  was  then  put  in  a  lathe  and  was  muti- 
lated. 

In  the  threaded  part  three  grooves  were  turned,  each  3/16  of 
an  inch  wide  and  to  the  bottom  of  the  .thread.  The  top  of  the  re- 
maining threads,  with  the  exception  of  the  one  at  the  end  of  the 
pipe,  were  turned  off,  giving  them  a  flat  surface  1/32  of  an  inch 
wide. 

Next,  at  three  places  on  the  circumference  of  the  tapered  thread 
flat  spots  were  filed,  one  inch  wide  and  two  inches  long,  extending 
one  inch  on  the  threaded  part. 

Twenty-five  grooves  were  then  filed  in  the  thread  of  the  pipe 
and  the  same  number  in  the  coupling,  all  parallel  with  the  pipe  and 
two-thirds  of  the  depth  of  the  thread. 

When  all  this  deliberate  mutilating  was  finished,  the  threads 
were  cleaned  thoroughly  and  coated  with  "Crane  Cement."  The 
joint  was  then  screwed  up  so  that  the  lengthwise  grooves  did  not 
come  opposite  one  another. 

The  outer  ends  of  the  pipe  and  coupling  next  were  plugged  and 
and  the  joint  was  tested  to  425  pounds  of  air  pressure.  The  joint 
was  found  to  be  tight,  and  the  same  result  followed  a  hydraulic 
pressure  test  of  1000  pounds. 

The  amount  of  defect  in  the  thread  of  this  joint  was  at  least  one 
hundred  times  greater  than  that  for  which  many  regular  steam- 
fitters  and  engineers  reject  material. 

These  tests  show  the  amount  of  ignorance  there  has  been  in 
these  matters  all  these  years.  Crane  Company  reasoned  this  subject 
out,  and,  confident  the  public  held  a  wrong  theory,  caused  this  ex- 
periment to  be  made. 

Undoubtedly  the  amount  of  material  rejected  for  minor  and 
wholly  unimportant  defects  in  the  past,  must  have  cost  the  trade 
many  thousands  of  dollars. 
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American  Briggs  Standard  Gauge— The  threads  in  all  our  valves 
and  fittings  up  to  and  including  12  inch,  are  tapped  to  American 
Briggs  standard  gauge,  which  has  also  been  adopted  as  the  universal 
standard  by  all  the  leading  wrought  pipe,  valves  and  fittings  niin- 
ufacturers  in  the  United  States. 


AMERICAN  BRIGGS  STANDARD  FOR  TAPER  AND  STRAIGHT 
PIPE  THREADS  AND  LOCK-NUT  THREADSl* 

AOOrrKO  BY  THK  eOMMITTKK  OF  MANUPACTURKflS  ON  STANOAflOIZATION  OF 
nmNOS  AND  VALVES  AND  THC  AMKIIieAN  •OCICTV  OF  AMCWICAN  KNOmUIIS 
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STANDARD  AND  LOW  PRESSURE  FLANGED  FITTINGS 
GENERAL  DIMENSIONS  REDUCING  LATERALS 
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Acme  threads  for  tool  joints,  24. 

Air  compressing  data,  bibliography, 
267. 

Air  lift  for  pumping  wells,  by  J.  A. 
Tennant,  258. 

Air  lift.  Theory,  259. 

Allis-Chalmers  Diesel  Engines,  440. 

American  Briggs  standard  thread 
gauge,  532. 

Andrews,  H.  B.,  design  and  con- 
struction of  concrete  fuel  oil  tanks, 
490. 

Arnold  and  Garfias,  blowout  preven- 
tor,  47. 

Arnold  and  Garfrias,  controlling  gas 
wells,  240. 

Arnold  and  Garfias,  details  of  pump- 
ing equipment,  290. 

Arnold  and  Garfias,  Mortenson  well 
capper,  237. 

Artesian  water  strata,  sealing  of,  48. 

Asbestos  for  boilers,  46. 

Astra  spielung  system  of  drilling 
Roumania,  134. 

Auxiliary  apparatus  as  an  aid  to  fuel 
saving,  523. 

Avila,  California,  topping  plant  at, 
342. 

Back-geared  motors,  use  of,  369. 

Back  pressure  valve,  42. 

Bad  pipe,  113. 

Bailer,  use  of  in  cable  drilling,  55. 

Baker  cement  container,  193,  204. 

Baker  gas  trap,  247. 

Baku,  Russia,  drilling  in,  130. 

Baku,  Russia,  use  of  stovepipe  cas- 
ing in,  60. 

Balakhany  field,  movement  of  oil  in 
sands,  281. 

Balancing  load  on  powers,  315. 

Bandwheel,  73. 

Bandwheel  pumping  powers,  272, 
318. 

Barnes,  Roy  M.,  central  power  and 
jack  pumping  plants,  292. 

Basket  for  coring,  rotary  system,  39. 

Batson,  Texas,  rate  of  drilling,  7,  26. 

Batson,  Texas,  small  production  of 

wells,  268. 


Baughner,  J.  D.,  twist  off  fishing  de- 
vice, 27. 

Baume  gravity,  change  in  due  to 
temperature,  415. 

Baume  gravity,  determination  of, 
504. 

Baume  gravity,  specific  gravity  and 
pounds  per  gallon  tables,  503. 

Beam  wells,  motors  for,  369. 

Bell,  A.  F.  L.,  toping  plants  in  Cali- 
fornia, 339. 

Bell  gas  trap,  251. 

Bell,  H.  W.,  the  tamping  method^ 
219. 

Bell  sockets,  107. 

Bend  formation,  drilling  of,  74. 

Bessemer  oil  engines,  274,  275,  442. 

Bigheart,  Oklahoma,  gas  pipe  line, 
398. 

Black  lime,  drilling  of,  North  Texas, 
75. 

Black  shale,  drilling  of.  North  Tex' 
as,  74. 

Blackwell,  Kansas,  field,  use  of  com- 
pressed air  in,  254. 

Blowout  preventer,  the,  47. 

Blowouts,  preventing,  42. 

Boiler  horse  power,  526. 

Bolts,  strength  of,  547. 

Boot  jacks,  104. 

"Bootleg"  packer,  217. 

Bottom  water  packers,  214. 

Bowie.  C.  P.,  168. 

Bowie,  C.  P.,  extinguishing  burning 
wells,  319. 

Bowie,  C.  P.,  fire  hazards  around 
tank  farms,  494. 

Brake,  rotary  system,  9. 

Brea,  Calif.,  treating  oil  at,  344. 

Brea,  Calif.,  use  of  oil  well  motors 
at,  356. 

Breckenridge,  Texas,  64. 

Breckenridge,  Texas,  cost  of  well  at 
78. 

Briggs   standard   thread  gauge,  532. 

Brock,  C.  E.,  pipe  lines,  395. 

Brownwood,  Texas,  rotary  drilling 
in,  64. 

Buckeye  pipe  screwing  machine,  401. 

Buena  Vista  Hills,  Calif.,  controlling 
gas  wells,  240. 
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Bull  Bayou,   Louisiana,  method  an^ 

cost  of  drilling  in,  12. 
Bull  dog  pin  sockets,   109. 
Bull  dog  wash  down  spear,  26. 
Bull  wheel  shafts,  61. 
Bull  wheels,  steel,  138. 
Burkburnctt,  Texas,  swabbing  wells 

in,  254. 
Burkburnctt,  Texas,  use  of  disc  bits 

in,  23. 
Burma  fields,  use  of  electric  power, 

357. 
Burning  oil  wells,  extinguishing,  319. 
Bursting  pressure  of  casing  and  pipe. 

520. 
Busch-Sulzer  Diesel  engines,  440. 
Butterflies,  304. 

Cable   tool   drilling   system,  advant- 
ages and  disadvantages,  2. 

Cable    tools   drilling    system,   equip- 
ment for,  50. 

Caddo,     Louisiana,     extinguishing 
burning  well,  323. 

Caddo,     Louisiana,    killing    burning 
gas  well,  325. 

Caddo,  Louisiana,  pumping  wells  in, 
269. 

Caddo,     Louisiana,     treating     emul- 
sions, 351. 

Caddo,  Texas,  64. 

Caddo,  Texas,  cost  of  well  at,  78. 

Caddo,  Texas,  shooting  wells  at,  81. 

Calf  wheel,  power  of,  72. 

Calf  wheel  shafts,  61. 

Calf  wheels,  steel,  138. 

Calgary,  Alberta,  wells  in,  61. 

California,  drilling  iii,  3. 

California  fields,  use  of  electric  pow- 
er, 355. 

California  rig,  148. 

California    special     casing,    weights 
and  dimensions,  517. 

Canvas  adapter  packers.  Gulf  Coast, 
44. 

Capacity  of  tanks,  barrels  per  inch, 
448,  449. 

Case-hardened  nipple  used  in  fight- 
ing fire,  323. 

Casing  and  pipe,  tables  of  sizes  and 
weights,  516. 

Casing  blocks,  rotary  system,  9. 

Casing  bowl,  use  of,  112. 

Casing,  bursting  pressure,  520. 

Casing,  collapsing  pressure,   519. 

Casing,    California    special,    weights 
and  dimensions,  517. 


Casing  cutters,  125. 

Casinghead,  control,  229. 

Casing  leaks,  methods  of  testing  for, 

224. 

Casing      loosening,      rotary      driled 

wells,  45. 
Casing  requirements,  of  ideal,   103. 
Casing  splitters,   127. 
Casing,  tables  of  capacity  per  foot, 

521. 
Casing  tester,  224. 
Casing  used,  North  Texas,  71. 
Cast    iron    screwed    fitings,    dimen- 
sions, 534. 
Cat  head,  9. 

Cellars,  cable  tool  wells,  61. 
Cement,  amount  needed,  171,  207. 
Cementing  oil  and  gas  wells,  171. 
Cementing  oil  and  gas  wells,  dump 

bailer  system,   183. 
Cementing   oil    and   gas   wells,    Gulf 

Coast  method,  206. 
Cementing   oil    and   gas   wells,    plug 

system,  171. 
Cementing  oil  and  gas  wells,  tubing 

method.  190. 
Cementing  oil   and  gas  wells,  with- 
out plugs  or  barriers,  186. 
Central   air  pipe   system  for  raising 

fluids,  263. 
Central    power    and    jack    pumping 

plants,  R.  M.  Barnes,  294. 
Centrifuge    for    treating    emulsions, 

349. 
Chain  driven  rotary,  9. 
Change    in    volume    for    change    in 

temperature  of  oils,  514. 
Character  of  formations,  3, 
Chemicals,  treating  emulsions  with, 

348. 
Circulating  system,   use   of  in   drill- 
ing, 100. 
Claiborne,  La.,  field,  drilling  in,  11. 
Clark  pulling  machine,  278. 
Clay  for  mixing  mud,  rotary  system, 

30. 
Clayton,   C.    P.,    method   of   putting 

out  fire,  320,  323. 
Clearance  between  casings,  103. 
Coalinga,   Calif.,  159. 
Coalinga,     Calif.,    controlling    wells 

in,  237. 
Coalinga,     Calif.,     field,     saving    by 

using  electric  power,  360. 
Coalinga,   Calif.,   improved   methods 

deep  drilling  in,  97. 


SUBJECT  INDEX 


551 


Collapsed  casing,  remedying,  117. 
Collapsing  pressure  lap  welded  steel 

casing,  71,  519. 
Collar  sockets,  108. 
Collom;  R.  E.,  166.    * 
Columbia,  South  America,  collapsed 

pipe   in   well,   117. 
Combination  rig,  material  for,  143. 
Combination  sockets,  106. 
Companion  flanges,  dimensions,  544. 
Comparative     cost     of     developing 

power,  Mid-Continent,  384. 
Comparative  production  with  steam 

engine  and  electric  motor,  India, 

357. 
Comparison    of    Diesel    engine    and 

turbine  power  plant,  387. 
Compressed  air,  blowing  wells  with, 

258. 
Compresed  air,  use  of  in  California, 

271. 
Compressor  capacity,  260. 
Compressor  sizes,  265. 
Concrete  fuel  oil  tanks,  design  and 

construction,  490. 
Concrete  lined  750,000  bbl.  oil  reser- 
voir, 473. 
Concrete   tanks,    preparing    gauging 

tables  for,  454.    ' 
Concrete  work  for  750,000  bbl,  res- 
ervoir, 486. 
Cone  bits,  rotary  system,  18. 
Conections,  pressure  on,  528. 
Conservation  commission  of  Louisi- 
ana methods  of  fighting  fire,  329. 
Contract     specifications      for     steel 

tanks,  457. 
Control   casing  head,  227,  229. 
Controlling  of  gushers  and  gassers, 

221, 
Cores,  taking  of,  rotary  system,  36. 
Coring  rock  formations,  39. 
Coring  soft  formations,  36. 
Cost  of  drilling,  North  Texas,  Id. 
Cottrell  type  electric  emulsion  treat- 

er,  345. 
Counterbalancing  beam  wells,  370. 
Countershafts    in    pumping    powers, 

371. 
Coyote  Hills,  Calif.,  use  of  Stark  gas 

traps  in,  250. 
Crane,  R.  T.,  defects  in  threads,  530. 
Crane,  R.  T.,  pipe  connection  details, 

528. 
Critical  velocity,  pipe  lines,  414,  430. 
Cross  roller  type  rotary  drill  bit,  18. 
Crown  block,  9. 


Crude  oil  engines,  273. 

Curtin,  Thomas,  discusion  of  drill- 
ing motion,  52. 

Cushing,  Okla.,  gas  line  to,  398. 

Cushing,  Okla.,  treating  oil  with 
centrifuges,  350. 

Cushion  valves  on  pumps,  444. 

Cut-off  adjustments,  pumps,  445. 

Cutters,  casing,  use  of,^  126.  • 

Cylinders,  tables  of  contents  in  gals., 
522. 

Day,  David  T.,  method  of  closing 
Potrero  del  Llano  well,  243. 

Deadwood  calculations,  steel  tanks, 
452. 

Decline  in  temperature,  oil  in  pipe 
lines,  431. 

Deep  well  in  West  Virginia,  94. 

Deep  well  in  West  Virginia,  forma- 
tions penetrated,  96. 

Deep  well  in  West  Virginia,  tools 
used,  95. 

Deep  wells,  rules  governing  drilling 
of,  58. 

Dehydrators,  338. 

De  La  Vergne  oil  engines,  274,  439. 

Derricks,  bill  of  material  for,  135, 
147. 

Dericks,  guying,  161. 

Derrick  tools,  bill  of,  North  Texas, 
74. 

Desdemona,  Texas,  cost  of  wells  at, 

n, 

Desdemona,  Texas,  drilling  in,  64. 
Die  nipple,  fishing  with,  110. 
Diesel    engine   power   plants,   possi- 

of  shut-downs,  353. 
Diesel  engines,  273,  386.  389. 
Diesel  engines,  development  of,  439. 
Diesel  engines  vs  steam  turbines  for 

generating  electric  power,  387,  393. 
Dimensions,  rotary  overshots,  21. 
Direct  acting  pumps,  operating,  444. 
Direct    current,    treating    emulsions 

by,  348. 
Disc  bits  for  rotary  drilling,  23. 
Drill- 
Drill 
Drill 
Drill 
Drill 
Drill 
Drill 
Drill 
Drill 

56. 


ng,  1. 

ng,  cable  tool  system,  50. 

ng,  character  of  formations,  3. 

ng,  comparison,  2. 

ng,  rotary  system,  6. 

ng,  selection  of  method,  1,  3. 

ng  by  rotary  system,  27. 

ng  by  cable  tools,  118. 

ng  in  soft  sands,  cable  system, 
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Drilling  jars,  use  of,  North  Texas, 
74. 

Drilling  machinery.  North  Louisi- 
ana, 14. 

Drilling  speed  of  Hughes  cone  bits, 
21. 

Drilling  tools,  cable  system,  51. 

Drilling  with  electric  power,  Cali- 
fornia, 372. 

Drilling  with  electric  power.  Gulf 
Coast,  16. 

Drilling  with  electric  power,  Kansas, 
89. 

Drilling  with  electric  power,  motors 
for.  372. 

Drill  pipe,  rotary,  weights,  dimen- 
sions, 517. 

Drill  pipe,  Shelby  seamless,  weights 
and  dimensions,  519. 

Drive  down  sockets,   108. 

Drive  pipe,  weights  and  dimensions, 
518. 

Drum  clutch  levers,  rotary  system, 
10. 

Drumright,  Okla.,  gas  line  from,  398. 

Dump  bailer  cementing  process,  183. 

Earthen  tanks,  preparing  gauging 
tables  for,  454. 

Earthwork  for  55,000  bbl.  tank 
grade,  471. 

Earthwork  for  750,000  bbl.  tank,  477. 

Economy  of  fuel,  drilling  wells,  46. 

Elbows,  friction  loss  due  to,  pipe 
lines,  437. 

Eldorado,  Kansas,  drilling  with 
electric  power,  89.     . 

Eldorado,  Kansas,  use  of  electric 
power  in,  355. 

Electricity  for  treating  oil  emul- 
sions,  345. 

Electricity,  use  of,  353. 

Electric  power  for  drilling,  Eldora- 
do, Kansas,  89. 

Electric  power  for  drilling,  saving 
effected,  93. 

Electric  power  in  oil  fields,  compara- 
tive costs  of  development,  379. 

Electric  power  in  oil  fields,  decrease 
of  shut-downs,  353. 

Electric  power  in  oil  fields,  fuel  sav- 
ing, 353. 

Electric  power  in  oil  fields,  require- 
ments for  various  oil  field  opera- 
tions, 389. 

Electric  power  in  oil  fields,  time  sav- 
ing, 354. 


Electrification  of  rotary  drilling 
rig,  16. 

Emulsions,  treating  of,  335. 

Erecting  diagrams  for  rigs,   142. 

Esperson,  Neils,  method  of  loosen- 
ing casing  45. 

Estimate  of  cost  of  well,  value  of, 
80. 

Evangeline,  La.,  field  use  of  com- 
pressed air,  258,  254. 

Expansion  of  steam  pipes,  table  oi, 
533. 

Extinguishing  burning  gas  wells, 
325. 

Extinguishing  burning  oil  wells,  319. 

Extra  heavy  flanged  fittings,  di- 
mensions, 541. 

Fairbanks  Company  oil  engine,  275. 

Feed  water  heaters,  46,  524. 

Feed  water  softeners  and  treaters, 
523. 

Filtration  system  for  treating  emul- 
sions, 351. 

Finishing  well  in  unconsolidated 
sands,  62. 

Fire  hazards  about  tank  farms,  494. 

Fire  hazards  around  wells,   168. 

Fire  wall  for  55,000-bbl.  tank,  473. 

Fishing  jobs,  cable  tool  system,  110, 
104. 

Fishing  jobs,  rotary  system,  7,  26. 

Fishing  tools,  Nprth  Texas,  list  of, 
68. 

Fish   tail  bits,   11. 

Fittings,  defects  in  threads,  530. 

Fittings,  flanged,  dimensions  of,  539. 

Flanged  valves  and  fittings,  dimen- 
sions, 536,  539. 

Flanges,  dimensions,  545. 

Fletcher,  Harold  W.,  rock  bits,  18. 

Flowing  wells,    control   of,   237. 

Flow  of  gas  wells,  measurement, 
499. 

Flow  of  steam  in  pipes,  527. 

Flush  joint  pipe,  37. 

Fourbles,  11. 

Franchetti,  Allesandro,  oil  engines, 
440. 

Franklin  pulling  machines,  277. 

Friction  losses  due  to  elbows  in 
pipe   lines,  437. 

Friction  losses  of  Pennsylvania  and 
California    oil,   421. 

Friction  pressure  loss  in  oil  pipe 
lines,  413,  419. 

Friction  sockets,  106. 
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Frozen  casing,  pulling,  cable;. sys- 
tem, 56,  61. 

Fuel  consumption,  Diesel  engines, 
J86,  389. 

Fuel  consumption,  steam  turbines, 
389. 

Fuel  economy,  driling  wells,  46. 

Fujel    oil    tanks,    concrete,  490. 

Fuel  oil  tanks,  heating  coiU  for, 
497. 

Fuel  saving,  auxiliary  apparatus  as 
aid  in,  523. 

Galician   oil   fields,   swabbing  wells, 

257. 
Gamble,   A.    R.,   method   of  making 

core  barrel,  39. 
Gas    accumulations    in   ravines,    170. 
Gas  engines,  273. 
Gas  pipe  lines,  295. 
Gas  pressure,  3. 
Gassaway,   S.    G.,    comparative   cost 

developing  power,  379. 
Gas  traps,  244. 

Gas  wells,  control  of,  234,  240.  . 
Gas  wells,  killing,  234. 
Gas  wells,  measurement  of  flow,  499. 
Gauging     tables,     preparartion     of, 

447. 
Glenn  pool  to  Port  Arthur  pipe  line, 

437. 
Goose    Creek,    Texas,    drilling   with 

electric  power,  16. 
Goose  Creek,  Texas,  treating  emul- 
sions, 350. 
Gravity  and  viscosity  of  oils,  420. 
Grief  stem,  8,  34. 
Gripping  device,  rotary,  8. 
Gulf  Coast  fields,  lease  mangement, 

267. 
Gulf    Coast    method    of    cementing, 

206. 
Guying  derricks,    159. 

Hamilton,  W.  R.,  gas  traps,  244. 
Handling   of    production,    221, 
Heat  exchangers,  351. 
Heating    coils    for   fuel   oil    storage 

tanks,  497. 
Heat  units  per  barrel  of  oil,  tables. 

Heaving  sands,  42. 

Heggem,     Alfred,     control     casing 

head,  227. 
Hold  up  posts,  299. 
Holland   core   barrel,   37. 
Hollow  reamer,  107. 


Homer,  C.  H.,  treating  emulsions, 
111, 

Hominy,  Okla.,  gas  line  from,  398. 

Honolulu  cementing  head,  189. 

Hope  Natural  Gas  Co.,  deep  well 
drilled  by,  94. 

Horizontal    tubular    gas    traps,    248. 

Horn    sockets,    106. 

Horse  power,  boilers,  526. 

Horse  power,  engines,  526. 

Hot  oiling.  287. 

Hughes  cone  bit,  18. 

Humble,  Texas,  extinguishing  burn- 
ing well,  320. 

Humble,  Texas,  rate  of  drilling,  7. 

Humble,  Texas,  using  compressed 
air  in,  258,  264. 

Hydraulic    elevators,    use   of,    104. 

Hydraulic  jacks,  fishing  with,  123. 

Hydraulic  jacks  for  pulling  pipe,  SI, 

Hydraulic  lime,  analysis,  209. 

Hydraulic   lime,    properties   of,   209. 

Hydraulic  lime,  use  for  shutting  off 
water,  207. 

Ideal  rig,   material  for,  139. 

Imperial   ideal   rig,   139. 

Improved  methods  drilling,  Coa- 
linga,  Calif.,  98. 

Impurities  in  feed  water,  classifica- 
tion, 524. 

Ingefsoll-Rand  oil  engine,  442. 

Installation  costs  at  wells,  electric 
power,  381. 

Jack  lines,  272. 

Jack  pumping  plants,  292. 

Jack  pumps,   309. 

Jack-well  pumping,  motors  for,  371. 

Jar  knocker,  109. 

Jar  of  drilling  tools,  54. 

Jars,  fishing  for,  109. 

lars,  use  of  in  drilling  and  fishing, 

54. 
Jar-up  spear,  122. 
Jerk  lines,  272. 
Johnson    and     Huntley,    merits    of 

cable   and  rotary   drilling,  2. 
Jones    &   Hammond   pumping  jack, 

311. 

Keck,  Wm.  methods  of  drilling,  98. 
Keen,  C.  D.,  killing  burning  gas  well, 

325. 
Kelly  joint,  8. 
Kern   River,  Cal.  field,  use  of  com- 

presed  air,  261,  263. 
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Killing    burning    gas    well,    Caddo, 

La.,  325. 
Kinney  Mfg.   Co.,   friction  pressure 

loss  in  oil  pipe  line,  413. 
Knapp,    Arthur,   drilling   in    Russia, 

130. 
Knapp,    I.    N.     cementing   methods, 

171. 
Knives,  wire  rope,  109. 
Kobbe,  Wm.,  comparison  of  drilling 

methods,  3. 
Kobbe,    Wm.,    freezing    frozen    cas- 
ing,  56. 
Kobbe,  Wm.,   Hot  oiling,  287. 
Kobbe,    Wm.,    recovering    oil    from 

sands,  281. 

Labor  saving   using  electric   power, 

361. 
Latch  jacks,  104. 
Layne  &  Bawler,  strainer,  40. 
Layne   &  Bowler,   tests   on   adapter 

packers,  45. 
Lease,  development  of,  210. 
Lease  mangement.  Gulf  Coast  fields, 

267. 
Left-hand  threaded  pipe  for  fishing, 

27. 
List  of  tools,  54. 

Log  of  cutings,  rotary  drilling,  34. 
Lombardi,     M.     E.,     deep     drilling, 

Coalinga,  Calif.,  98. 
Lombardi,  M.  E.,  putting  out  burn- 
ing well  at  Midway,  325. 
Louisiana,   North,  method  and  cost 

of  drilling,  11. 
Lubricator  for  killing  gas  well,  235, 

242. 
Lucke,   H.   R..  oil  engines   in  pump 

stations,  438. 

Machines  for  screwing  up  pipe  lines, 
400. 

Mahoney  pipe  screwing  machine, 
401. 

Malleable  iron  screwed  fittings,  di- 
mensions, 534. 

Mancera,  Juan,  transporting  12  de- 
grees Baume  oil  in  pipe  lines,  430. 

Mandrel  sockets,  107. 

Mandrel  substitute,  fishing  with, 
124. 

Manila  cable,  drilling  with,  53. 

Maracaibo,  steel   derrick  at,   154. 


Maricopa,  Cal.,  cementing  wells  in, 
187. 

Marietta  process,  318. 

Material  required,  drilling  in  North 
Louisiana,  14. 

Measurment  of  flow  of  gas  wells, 
499. 

Men  needed,  drilling  in  North  Lou> 
isiana,  15. 

Methods  of  shutting  off  water,  171. 

Methods  of  testing  water  shut  off, 
223. 

Mexican  oils,  variation  in  viscosity, 
418. 

Mid-Continent,  gas  traps  used  in, 
255. 

Midway,  Calif.,  controlling  wells, 
237. 

Midway,  Calif.,  extinguishing  burn- 
ing well,  325. 

Midway,  Calif.,  formations,  4. 

Midway,  Calif.,  sand  produced  by 
wells,  2S8. 

Midway,  Calif.,  saving  by  using  elec- 
tric power,  358. 

Midway,  Calif.,  Starke  gas  trap  in, 
250. 

Mineral  Wells,  Texas,  drilling  near, 
70. 

Minute  pressure  of  gas  wells,  501. 

Mixers,  mud,   rotary  drilling,  29. 

Mixing    cement,   mortars,    172. 

Mixing  cement,  special  mehod,  203. 

Moran,  Texas,  use  of  rotary  in,  64. 

Mortenson  well  capper,  237. 

Motion  in  drilling,  cable  tool  sys- 
tem, 52. 

Motor    capacity    for    either    drilling 

method.  374. 
Motor  equipment  for  oil  wells,  363. 
Motors  for  drilling,  372. 
Motors,   rotary  drilling,   16. 
Movement  of  oil  toward  well,  281. 
Mudding  a  gas  well,  235,  242. 
Mud   for  drilling,  rotary,  8. 
Mud  laden  fluid,  weight  of,   101. 
Mud  mixing  methods,  28. 
Multipliers,  302. 

McEvoy  strainer,  40. 

Mcintosh,  Seymour  Diesel  engines, 
441 

McKittrick.  Cal.,  159. 

McLaughlin  high  pressure  gas  trap, 

McLaughlin  low  pressure  gas  tran. 
254. 
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Nacatoch  formation  in  Louisiana, 
331. 

National  electric  dehydrator,  345. 

National  transit  pumps  for  pipe 
lines,   442. 

Neat  cement,  necessity  of  using,  177. 

Netherlands,  methods  of  coring  in, 
37, 

Nickel,  Frank  F.,  friction  losses  of 
oil  in  pipe  lines,  421. 

Nickel,  Frank  F.,  operation  and  ad- 
justment of  pumps,  441. 

Nitroglycerine,  cost  of,  81. 

Nitroglycerine,  method  of  firing,  85. 

Nitroglycerine,  table  showing  length 
of  shells,  82. 

Nitroglycerine,  use  of  in  North  Tex- 
as, 81. 

North  Texas,  drilling  in,  64. 

Norway  iron  for  pipe  line  welding, 
398. 

Oil  cushion  attachment  for  flowing 
wells,  239. 

Oil  emulsions,  treating  of,  335. 

Oil  engines  in  pipe  line  pump  sta- 
tions,  438. 

Oil  separators  and  sand  disposal, 
288. 

Oilwell  high  pressure  gas  trap,  246. 

Oilwell  low  pressure  gas  trap,  245. 

Oilwell  pumps,  capacity  of,  291. 

Oklahoma  pumping  jack,  310. 

Operating  costs,  comparison  of,  359. 

Operating  data,  electric  power  vs. 
others,  382. 

Operating  expense  using  electric 
power,  358. 

Operation  of  properties,  227. 

Outage  tables,  453. 

Overshots,  dimensions  of,  27. 

Overshots,  fishing  with,  121. 

Overshots,  for  rotary  fishing  jobs, 
26. 

Packers,  212. 

Packers,  "Bootleg,"  217. 

Packers,  bottom  water,  214. 

Paine  and  Stroud,  treating  emul- 
sions, 337. 

Paine,  P.  M.,  254. 

Palo   Pinto  County,  Texas,  cost  of 

drilling  in,  80. 

Panuco,  Mexico,  field,  pipe  lines, 
403. 

Peg-legging,  53. 

Perforating  casing,  62. 


Perforating  machines,  63. 

Pickin  gyrating  rock  drill,  23. 

Pin  sockets,  bull  dog,  109. 

Pipe  and  casing,  table  of  sizes  and 
weights,  516. 

Pipe  connections,  details  of,  528. 

Pipe  lines,  395. 

Pipe  lines,  gas,  395. 

Pipe  lines,  loss  in  pressure  due  to 
friction,  413,  421,  423.  430. 

Pipe  lines,  Mexico,  heavy  oil,  403. 

Pipe  lines,  Mexico,  list  of  tools  for 
construction,  404. 

Pipe  lines,  Mexico,  pumping  sta- 
tions and  equipment,  406. 

Pipe  lines,  river  crossings,  402. 

Pipe  lines,  screwed,  400. 

Pipe  lines,  submarine,  410. 

Pitot  tube,  use  of,  499. 

Plain  end  pipe  lines,  395. 

Plugging  screen  for  cementing,  181. 

Plugging  wells  by  cementing,  182. 

Plug  system  of  cementing  wells,  171. 

Plunger  pump  in  oil  wells,  285. 

Pohle  lift   for  wells,  262. 

Poiseuille,  formula  of,  430. 

Pollard,  J.  A.,  method  of  controlling 
gas  wells,  240. 

Portland  cement  analysis,  209. 

Potrero  del  Llano  well,  method 
used  in  closing,  243. 

Pottawatomie  County,  Oklahoma, 
60. 

Power  driven  compressor  plant,  266. 

Pressure,  loss  of  in  steam  pipes,  528 

Production,  keeping  off  of  groifnd, 
279. 

Progress  chart  for  drilling  wells, 
166. 

Pulling  casing,  North  Texas,  72. 

Pulling,  motors  for,  364. 

Pulling  pipe,  rotary,  45. 

Pulling  rods  and  tubing,  devices  for, 
277. 

Pumping  equipment,  details  con- 
cerning, 290. 

Pumping  powers,  272. 

Pumping,  pulling  and  cleaning  out, 
motors  for,  364. 

Pumping  speed  with  electric  power, 
356. 

Pumps,  condensing,  rules  for  start- 
ing, 444. 

Pumps,  plunger  type,  description  of, 
285. 

Pumps,  setting  up,  443. 
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Pumps,  speed  of  in  rotary  drilling, 
19. 

Pump,  steam,  operation  and  adjust- 
ment, 441. 

Pump  stations,  oil  engines  in,  438. 

Pyritiferous  material  cause  of  high 
temperature.  North  Texas,  87. 

Ragsdalc,  treating  emulsions,  336. 

Ranger,  Texas,  cost  of  wells  at,  76. 

Ranger,  Texas,  drilling,  64. 

Rasps,  107. 

Reaming  cone  bit,  18. 

Recovering  oil  from  unconsolidated 
sands,  281. 

Relief  well,  cost  of  drilling,  Louisi- 
ana, 334. 

Removing  wash  pipe,  43. 

Repairing  coupling,  pipe  lines,  396. 

Repairs  and  lubrication,  electric 
power,  362. 

Requirements  for  efficient  controll- 
ing device,  228. 

iiig  irons,  138. 

Rock  bits,  rotary  system,  17. 

Rods  and  tubing,  devices  for  pull- 
ing, 277.  ,« 

Roller  bits,  rotary  system,   18. 

Rope  knives,  wire,  109. 

Rope  sockets  and  tongue  sockets, 
108. 

Rope  spears,  104. 

Roofs,  steel,  for  55,000-barrel  tanks, 
458,  461. 

Roofs,  wooden,  for  55,000  bbl.  tanks, 

468. 
Roofs,  wooden,  for  750,000  bbl.  tank, 

483. 
Rotary  drilling  system,  6. 
Rotary    drilling    system,  advantages 

and  disadvantages,  3. 
Rotary    drilling   system,    description 

of,  7. 
Rotary  drilling  system,  disc  bits  for, 

23. 
Rotary   drilling  system,  electric  op- 
eration of,  17. 
Rotary  drilling  system,  fishing  jobs, 

26. 
Rotary    drilling    system,    objections 

to  11. 
Rotary  drilling     system,     removing 

bits,  10. 
Rotary   drilling     system,     speed   of 

drilling  with,  6. 


Rotary  drilling  system,  rock  bits,  17. 

Rotary  pipe,  special,  weights  att4  di- 
mensions, 517. 

Rotary  pipe,  weights  and  dimen- 
sions, 517. 

Rotary  tool  joints,  24. 

Roumania,  drilling  in,  134. 

Russian   drilling  machine,   132. 

Russian  method  of  drilling,   132. 

Salt  Lake,  Calif.,  field,  using  com- 
pressed air  in,  271. 

Sampling  North  Texas  wells,  75- 

Sampling  rotary"  drilled  wells,  31. 

Sand  disposal,  288.  ■ 

Sand   wells,   handling   of,   275. 

Sands,  drilling  with  cable  tools  in, 
56. 

Sands,  unconsolidated,  oil  recovery 
from,  281. 

Saratoga,  Texas,  rate  of  drilling,  7. 

Saratoga,  Texas,  small  production  of 
wells,  266. 

Saunders  system  of  air  lift,  262. 

Scott  cementing  outfit,  192,    194. 

Scott,  F.  W.,  187,  189. 

Screen  casing  and  its  use,  40,  41. 

Screen  casing,  function  of,  284. 

Screen   gauges,   table  of,  41. 

Screwed  fittings,  dimensions,  534. 

Screwed  pipe  lines,  400. 

Scrubbers,  gas,   170. 

Sealing  -or  "killing"  a  gas  stratum, 
242. 

Selection  of  method  of  drilling,  1. 

Semi-Diesel   engines,   273,  440. 

Setting  tools,  canvas  adapter  pack- 
ers, 44. 

Shaft  driven  rotary,  9. 

Sharpenberg  gas  trap,  253. 

Sherrick,  treating  emulsions  with 
chemicals,  348. 

Shinnston,  W.  Va.,  field,  steel  der- 
rick in,  154.     . 

Shifting  sands,  43. 

Shooting  wells,  use  of  control  head 
in,  232. 

Shooting  wells  with  nitro-glycerine, 
31. 

Shop  perforated  casing,  use  of,  42. 

Shreveport,  La.,  rate  for  gas,  333. 

Shutting  off  water,  method  of,   171. 

Shutting  off  water,  North  Texas,  70. 

Sidetracking  lost  pipe  or  tools,  27, 
118. 

Singu  Field,  Upper  Burma,  India, 
electric  power,  357. 


SUBJECT  INDEX 


567 


Slip  sockets,  105. 

Smith,   Dunn   process,  318. 

Smith  separator  or  gas  trap,  255. 

Snow  oil  engines,  441. 

Snyder,  W.  A.,  use  of  casing  bowl, 
113. 

Southern     Pacific    Company,     tight 
head  for  cementing,  198. 

Sour  Lake,  Texas,  pump  station  at, 
441. 

Spears,  bull  dog  for  rotary  fishing 
jobs,  25,  123. 

Spears,  fishing  with,  121. 

Specific  gravity  and  pounds  per  gal- 
lon, table,  503. 

Specific    gravity    variation    of    oils 
with  temperature,  416. 

Speed  of  drilling,  rotary  system,  6,  7. 

Spindletop,  Texas,  saving  by  using 
electric  power,  357. 

Splicing  wire  line,  127. 

Splitters,  casing,  use  of,  128. 

Splitting  casing,  127. 

Spontaneous     explosions     of    nitro- 
glycerine, 82,  83. 

Spudding,  North  Texas,  74. 

Spudding  in  of  a  well,  59. 

Spuds,  106. 

Squibs   for  shooting  wells,  82. 

Standard     flanged     fittings,     dimen- 
sions, 539. 

Standard    rig,    bill    of   material    for, 
137,  147. 

Standard  rig  for  pumping,  269. 

Standing  valve,  292. 

Starke,   E.  A.,  hydraulic  lime  tests, 
207. 

Starke,  gas  trap,  248. 

Static  electricity,  169. 

Static  head,  259. 

Steam  consumption,  ranges  in,  527. 

Steam  driven  air  compressor,  265. 

Steam,  flow  of  in  pipes,  '^ZJ. 

Steam  for  mixing  mud,  30. 

Steam,  loss  of  pressure,  528. 

Steam  pipes,  expansion  of,  533. 

Steam   pump,  the  ues  of  on   leases, 
270. 

Steam  pumps,  operation  and  adjust- 
ment, 441. 

Steel  derrick,  history  of,  149. 

Steel  drilling  rig,   148. 

Steel    screwed    fittings,    dimensions, 
535. 

Steel  tanks,  specifications  for,  455. 

Stephens    County,    Texas,    cost    of 
drilling  in,  79. 


Stone,  C.  W.,  packer,  213. 

Storage,  concrete,  750,000  bbl.  reser- 
voir, 473. 

Stove  pipe  casing,  California  and 
Russia,  60. 

Strainer,  use  of,  40. 

Strapping  of  oil  storage  tanks,  447. 

Stratton  Ridge,  Texas,  39. 

Strength  of  bolts,  table  of,  547. 

Stretch   of  pipe,   45,   122. 

Stroud,  B.  R.,  254. 

Submarine  pipe  lines,  410. 

Submergence  in  air  lift,  259. 

Sunset,  Calif.,  fields,  cementing,  198. 

Sunset-Midway,  Calif.,  159. 

Superheaters,  525. 

Swabbing,  257. 

Swabbing,  power  used  in,  391. 

Swage,  use  of,   115. 

Swaging,  115,  116. 

Swinging  spider,  use  of  in  Califor- 
nia, 100,  104. 

Swivel  for  rotary  drilling,  8. 

Tampico,  Mexico,  pipe  lines,  403. 

Tampico,  use  of  steel  derrick  at, 
154. 

Tamping  method  for  shutting  off 
water,  219. 

Tanguey,  P.  D.,  casing  bowl,  112. 

Tank  farm  fire  hazards,  494. 

Tank  strapping  and  preparing  gaug- 
ing tables,  447. 

Taps  for  fishing,  rotary  system,  27. 

Taylor,  W.  G.,  operation  of  wells  by 
electric  power,  353. 

Taylor,  W.  G.,  power  required  for 
various  operations,  389. 

Taylor,  W.  G.,  revision  of  cost  data, 
384. 

Temperature  correction  for  deter- 
mining  Baume    gravity,  504. 

Temperature,  decline  of  in  pipe 
lines,  431. 

Temperature  of  bore  holes,  North 
Texas,  87. 

Temperature,  volume  table,  oils,  514. 

Tempering  under-reamer  cutters,  75. 

Temper  screw,  51. 

Templates  for  drilling,  flanged  fit- 
tings, 536. 

Tennant,  J.  A.,  the  air  lift  for  pump- 
ing, 258. 

Tepetate,  Mexico,  pipe  line  from, 
430. 

Testing  for  water,  shut-off  methods, 
223. 
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Thompson,  A.  B.,  gas  trap  described 
by,  248. 

Thompson,     A.     B.,    production     of 
sand  by  wells,  288. 

Thribbles,  11. 

Threads,  defects  in,  530. 

Threads   on   pipe,   table  of   lengths, 
533. 

Throw-offs,  300. 

Tico  gas  trap,  245. 

Time    to   wait    for    samples,    rotary 
system,  32. 

Tool    joints,   dimensions    of,   25. 

Tool  joints,  use  in  rotary  system,  24. 

Tools    needed    for    drilling,    North 
Texas,  66. 

Topila,   Mexico,   transporting  oil   in 
pipe  lines,  430. 

Topping  plants,  339. 

Torres,  Mexico,  pipe  line  to,  403. 

Tough,   F.    B.,   cementing,   183,    186, 
190,  206. 

Tough,  F.  B.,  guying  derricks,  159. 

Tough,  F.  B.,  packers    212. 

Transformers  for  oil  tield  use,  J/5. 

Transporting  12**  Baume  oil  through 
pipe  lines,  430. 

Travers,  Wm.  J.,  comment  by,  ^^^. 

Treating  of  oil  emulsions,  335. 

Tretolite    process,   349. 

Trip  spears,  122. 

Trumble  gas  trap,  248. 

Tubing   catchers,  277. 

Tubing,  external  upset,  weights  and 
dimensions,   518. 

Tubing  method  of  cementing,  190. 

Tubing    method    of    cementing,    ad- 
vantages and  disadvantages,  205. 

Tubing,  oilwell,  weights  and  dimen- 
sions, 518. 

Tubing,   table   of  capacities   per   ft., 

521. 

Tunneling  under  burning  well,  324. 

Turbulence  in  pipe  lines,  414. 

Turbines  vs.  Diesel  engines  for  gen- 
erating   electric    power,   388. 

Twist-ofF  fishing  jobs,  rotary,  27. 

Two-speed  motor  control,  364. 

Underreamcr  cutters,  dressing  of  74. 
Underreamers  use,  North  Texas,  68. 

Value  of  gas  wasted  from  burning 
well,  Louisiana,  332. 


Valves,  setting  of  on  steam  pumps, 

442. 

Van  der  Gracht,  W.  A.  J.  M.,  cor- 
ing device,  37. 

Viscosity  conversion  chart,  416. 

Viscosity  of  oil  in  pipe  lines,  416. 

Volume  corrections  for  change  in 
temperature  of  oils,  table,  514j 

Volume  oi  gas,  measurement  of,  500. 

Wages,  North  Louisiana  (1920),  15. 

Wagy,  E.  W.,  setting  screen  pipe,  41. 

Walking  beam,  51. 

Wall  hooks,  109. 

Washington  gas  trap,  247. 

Wash  pipe  method  of  setting  screen, 

42. 
Wash  plug,  43. 
Waste  of  fuel  oil,  268. 
Water,  boiler,  impurities  in,  524. 
Water    consumption    using    electric 

power,  261. 

Water   shut-oflf,   method  of  testing, 

223.  ^ 

Weight  necessary,  cone  bits,  19,  20. 

Welded  pipe  lines,  377. 

Welding  tests,  pipe  lines,  table  of, 

400. 

West  Columbia,  Texas,  use  of  com- 
pressed air,  26,  263. 

Westcott,  measurement  of  gas  flow, 

499. 
West  Virginia,  deep  well  drilled  in, 

94. 
Whip  stock,  27,  107. 
Whip  stock  grab,  107. 
White  Point,  Texas,  mixing  mud  at, 

30. 
Wildcat  wells,  control  of,  230. 
Williams,  W.  G.,  treating  emulsion.s, 

337. 
Wire  line,  drilling  with,  53. 
Wire  line,  splicing,  129. 
Wire  rope  knives,  109. 
Wooden    tanks,    preparing    gauging 

tables  for,  448. 
Woodworth,  R.  B.,  development  of 

steel  rig,  148.  * 

Working  barrel,  293. 
Worthington  high  duty  pumps,  op- 

crating,  445. 
Wyoming,  use  of  disc  bits  in,  24. 

Y-Delta  Motor,  efficiency  of,  364. 
Young  County,  Texas,  cost  of  well 
in,  79. 
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